Google 


Acerca de este libro 


Esta es una copia digital de un libro que, durante generaciones, se ha conservado en las estanterias de una biblioteca, hasta que Google ha decidido 
escanearlo como parte de un proyecto que pretende que sea posible descubrir en linea libros de todo el mundo. 


Ha sobrevivido tantos años como para que los derechos de autor hayan expirado y el libro pase a ser de dominio público. El que un libro sea de 
dominio publico significa que nunca ha estado protegido por derechos de autor, o bien que el periodo legal de estos derechos ya ha expirado. Es 
posible que una misma obra sea de dominio püblico en unos países у, sin embargo, no lo sea en otros. Los libros de dominio publico son nuestras 
puertas hacia el pasado, suponen un patrimonio histórico, cultural у de conocimientos que, a menudo, resulta dificil de descubrir. 


Todas las anotaciones, marcas y otras señales en los márgenes que estén presentes en el volumen original aparecerán también en este archivo como 
testimonio del largo viaje que el libro ha recorrido desde el editor hasta la biblioteca y, finalmente, hasta usted. 


Normas de uso 


Google se enorgullece de poder colaborar con distintas bibliotecas para digitalizar los materiales de dominio püblico a fin de hacerlos accesibles 
a todo el mundo. Los libros de dominio püblico son patrimonio de todos, nosotros somos sus humildes guardianes. No obstante, se trata de un 
trabajo caro. Por este motivo, y para poder ofrecer este recurso, hemos tomado medidas para evitar que se produzca un abuso por parte de terceros 
con fines comerciales, y hemos incluido restricciones técnicas sobre las solicitudes automatizadas. 


Asimismo, le pedimos que: 


+ Haga un uso exclusivamente no comercial de estos archivos Hemos diseñado la Búsqueda de libros de Google para el uso de particulares; 
como tal, le pedimos que utilice estos archivos con fines personales, y no comerciales. 


+ No envíe solicitudes automatizadas Por favor, no envíe solicitudes automatizadas de ningün tipo al sistema de Google. Si está llevando a 
cabo una investigación sobre traducción automática, reconocimiento óptico de caracteres u otros campos para los que resulte util disfrutar 
de acceso a una gran cantidad de texto, por favor, envíenos un mensaje. Fomentamos el uso de materiales de dominio püblico con estos 
propósitos y seguro que podremos ayudarle. 


+ Conserve la atribución La filigrana de Google que verá en todos los archivos es fundamental para informar a los usuarios sobre este proyecto 
y ayudarles a encontrar materiales adicionales en la Büsqueda de libros de Google. Por favor, no la elimine. 


+ Manténgase siempre dentro de la legalidad Sea cual sea el uso que haga de estos materiales, recuerde que es responsable de asegurarse de 
que todo lo que hace es legal. No dé por sentado que, por el hecho de que una obra se considere de dominio püblico para los usuarios de 
los Estados Unidos, lo será también para los usuarios de otros países. La legislación sobre derechos de autor varía de un país a otro, y no 
podemos facilitar información sobre si está permitido un uso específico de algün libro. Por favor, no suponga que la aparición de un libro en 
nuestro programa significa que se puede utilizar de igual manera en todo el mundo. La responsabilidad ante la infracción de los derechos de 
autor puede ser muy grave. 


Acerca de la Busqueda de libros de Google 


El objetivo de Google consiste en organizar información procedente de todo el mundo y hacerla accesible y útil de forma universal. El programa de 
Büsqueda de libros de Google ayuda a los lectores a descubrir los libros de todo el mundo a la vez que ayuda a autores y editores a llegar a nuevas 


audiencias. Podrá realizar búsquedas en el texto completo de este libro en la web, en la página|ht tp: //books.google.com 


This is a reproduction of a library book that was digitized 
by Google as part of an ongoing effort to preserve the 
information in books and make it universally accessible. 


Google books 


https://books.google.com 
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ADVERTISEMENT. 


The responsibility for the statements and opinions 
given in the following Papers and Discussions rests 
with the individual authors; the Institution as a body 


merely places them on record. 


MEMORANDUM OF ASSOCIATION 


OF THE 
INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN SCOTLAND. 


1. The Name of the Association is ‘‘ THE INSTITUTION OF 
ENGINEERS AND SHIPBUILDERS IN SCOTLAND.’ 

2. The Registered Office of the Association will be situate in 
Scotland. 


8. The Objects for which the Association is established are:— 


(1) The Incorporation of the present Institution of Engineers 
and Shipbuilders in Scotland, under the 30th and 31st 
Victoria, cap. cxxxi., and 

(2) To facilitate the кк е of information and ideas 
amongst its Members, to place on record the results 
of experience elicited in discussion, and to promote the 
advancement of science and practice in Engineering 
and Shipbuilding. 

(3) The doing all such other lawful things as are incidental 

or conducive to the attainments of the above objects. 


4. The Income and Property of the Association, whencesoever 
derived, shall be applied solely towards the promotion of the 
objects of the Association, as set forth in this Memorandum of 
Association, and no portion thereof shall be paid or transferred 
directly or indirectly by way of dividend, bonus, or otherwise 
howsoever, by way of profit, to the persons who at any time are 
or have been Members of the Association, or to any of them, 
or to any person claiming through any of them. 

Provided that nothing herein shall prevent the payment in good 
faith of remuneration to any Officers or Servants of the Associa- 
tion or to any Member of the Association, or other person, in 
return for any services rendered to the Association. 


x MEMORANDUM OF ASSOCIATION 


5. The fourth paragraph of this Memorandum is a condition on 
which a Licence is granted by the Board of Trade to the Associa- 
tion, in pursuance of Section 23 of the “ Companies Act, 1867.” 
For the purpose of preventing any evasion of the terms of the 
said fourth paragraph, the Board of Trade may from time to time, 
on the application of any Member of the Association, impose 
further conditions, which may be duly observed by the 
Association. 

6. If the Association acts in contravention of the fourth para- 
graph of this Memorandum, or of any such further Conditions, 
the liability of every Member of the Council of the Association, 
and also of every Member who has received any such dividend, 
bonus, or other profit as aforesaid, shall be unlimited. 

7. Every Member of the Association undertakes to contribute 
to the Assets of the Association—in the event of the same being 
wound up during the time that he is a Member, or within one year 
afterwards, for payment of the Debts and Liabilities of the 
Association, contracted before the time at which he ceases to be 
a Member, and of the Costs, Charges, and Expenses of winding 
up the same, and for the adjustment of the rights of the Con- 
tributaries among themselves—such amount as may be required, 
not exceeding Ten Pounds, or, in case of his lability becoming 
unlimited, such other amount as may be required in pursuance 
of the last preceding paragraph of this Memorandum. 


WE, the several persons whose names and addresses are sub- 
scribed, are desirous of being formed into an Association in 
pursuance of this Memorandum of Association :—- 


Names, Addresses, and Description of Subscribers— 

Davip Rowan, 217 Elliot Street, Glasgow, Engineer. 

W. J. Macquorn RANKINE, C.E., LL.D., etc., 59 St. Vincent St., Glasgow. 

М. В. CosTELLOE, 26 Granville Street, Glasgow, Measuring Surveyor. 

BENJAMIN Connor, 17 Scott Street, Garnethill, Engineer. 

JAMES Deas, 16 Robertson Street, Glasgow, Civil Engineer. 

JAMES М. Олге, 23 Miller Street, Glasgow, Civil Engineer. 

W. MONTGOMERIE Nettson, C.E., Hyde Park Locomotive Works, Glasgow. 
Dated the Twelfth day of July, Eighteen Hundred 

and Seventy-One. 


Вовивт Ross, of Glasgow, Solicitor, Witness to the above signatures. 


NOTE.—By Special Resolution passed on 2nd October, 1902, and confirmed on 20th 
October, 1902, the Articles of Association dated 12th July, 1871, as modified and altered in 
1873 and 1880, were annulled, and the following Articles of Association (with the exception 
of Articles Nos. 23, 25, and 27) were substituted, and they were registered with the Registrar 
of Joint-Stock Companies on 28th October, 1902. 

By Special Resolution passed on 20th March, 1906, and confirmed on 17th April, 1906, the 
Articles Nos. 23, 25, and 27 of the Articles registered on 28th October, 1902, were cancelled, 
and the Articles Nos. 23, 25, and 27 below were substituted. This Resolution was lodged 
with the Registrar of Joint-Stock Companies on 28th April, 1906. 

By Special Resolutions passed on 30th March, 1920, and confirmed on 20th April, 1920, 
the Articles Nos. 46 and 48 of the Articles registered on 28th October, 1902, were cancelled, 
and the Articles Nos. 16 and 48 below were substitvted. These Resolutions were lodged with 
the Registrar of Joint-Stock Companies on 30th April, 1920. 


ARTICLES OF ASSOCIATION 


OF THE 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN SCOTLAND. 


Section I.— PRELIMINARY. 


1. For the purpose of registration, the number of 
Members of the Institution is declared unlimited. 
2. These Articles shall be construed with reference 
to the provisions of the Companies Acts, 1802 to 
1900; and terms used in these Articles shall be 
taken as having the same respective meanings as 
they have when used in those Acts. 
3. The Objects of the Institution are those set Objects cf the 
forth in the Memorandum of Association. таш 


SECTION II.—CONSTITUTION. 


4. The Institution shall consist of Members, Constitution. 
Associate Members, Associates, Students, and 
Honorary Members. 

5. Candidates for admission as Members shall be Who may be 
persons not under 25 years of age, who have been 
educated ав Engineers or Shipbuilders and have 
occupied a responsible position in connection with the 
Practice or Science of Engineering or Shipbuilding. 

6. Candidates for admission as Associate Members Who may be 


Associate 
shall be persons not under 22 years of age, who have Members. 
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ARTICLES OF ASSOCIATION 


been educated as Eugineers or Shipbuilders and are 
engaged in the Practice or Science of Engineering 
or Shipbuilding. 

7. Candidates for admission as Associates shall be 
such persons, not included in the classes enumerated 
in the two preceding Articles, who, not being under 
25 yearsof age are considered by the Council eligible 
on account of their scientific attainments, or are 
considered by the Council qualified by knowledge 
bearing on Engineering Science or Practice. 

8. Candidates for admission as Students shall be 
persons not under 18 years of age who are engaged 
in study or employment with a view to qualifying 
themselves as Engineers or Shipbuilders. Before 
attaining the age of 25 years they must apply for 
election as Members or Associate Members if they 
desire to remain connected with the Institution. 
They may not continue to be Students after attain- 
ing the age of 25 years. 

9. Honorary Members shall be such distinguished 
persons as the Council shall recommend and the 
Institution shall appoint. The number of Honorary 
Members shall not exceed Twelve. 

10. All persons whose names shall on 30th April, 
1902, be on the Roll of the Institution under the 
former Articles of Association as Members, Asso- 
ciates, or Honorary Members, and whose subscrip- 
tions are not more than two years in arrear at that 
date, shall become Members, Associates, and Hon- 
orary Members respectively within the meaning of 
these Articles, and that without procedure of any 
kind on the part of such persons. 

11. All persons whose names shall on 30th April, 
1902, be on the Holl of the Institution under the 
former Articles of Association as Graduates, and 
whose subscriptions are not more than two years in 
arrear at that date, shall be considered and treated 
as Students within the meaning of these Articles, 


ARTICLES OF ASSOCIATION 


and shall have the privileges, and be subject to the 
regulations affecting Students; and, notwithstanding 
the terms of Article 8 hereof, such Graduates as are 
over 25 years of age shall be allowed to remain as 
Students for one year from and after 30th April, 
1902, but no longer. 

12. The abbreviated distinctive titles for indicating 
the connection with the Institution shall be the fol- 
lowing, viz.—For Members, M.I.E.S.; for Associate 
Members, A.M.I.E.S.; for Associates, A.I.E.S.; for 
Students, S.I.E.S.; and for Honorary Members, 
Hon. M.I.E.S. 

13. Every Candidate for admission as a Member, 
Associate Member, Associate, or Student of the 
Institution, shall obtain the recommendation of at 
least three Members, such recommendation and the 
relative undertaking by the Candidate being according 
to Form A contained in the Appendix. Such recom. 
mendation and undertaking shall be lodged with 
the Secretary, &nd the Council shall consider the 
same at their first meeting thereafter, and if they 
approve the recommendation shall be mentioned in 
the notice calling the next General Meeting of the 
Institution; and then, unless & ballot be demanded 
by at least five persons entitled to vote, the Candi- 
date shall be declared elected. If a ballot be taken 
he shall be admitted if three-fifths of the votes are 
favourable; Members only being entitled to vote. 
The proposal for transferring &ny person from the 
Class of Students to the Classes of Associate Mem- 
bers or Members, or from the Class of Associate 
Members to the Class of Members, shall be accord- 
ing to Form B contained in the Appendix, and this 
form shall be subscribed by at least three Members 
and delivered to the Secretary for the consideration 
of the Council who shall, if they think fit, make 
the proposed transfer. | 

14. The granting of Honorary Membership to 
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ARTICLES OF ASSOCIATION 


any person may be proposed at any Council meeting, 
and, if the Council, after consideration at their next 
meeting, approve of the proposal, intimation thereof 
shall be given by the Secretary in the circular calling 
the next General Meeting of the Institution. At that 
meeting, unless a ballot be demanded by at least five 
persons entitled to vote, the person proposed shall be 
declared elected. If a ballot be taken then the per- 
son proposed shall be admitted if four-fifths of the 
votes are favourable; Members only being entitled 
to vote. 

15. Every person duly elected or admitted as a 
Member, Associate Member, Associate, Student, or 
Honorary Member shall be notified in writing of 
his election or admission by the Secretary. At the 
first meeting of the Institution held thereafter at 
which he is present, he shall be introduced according 
to the ensuing form, viz.—The President or the 
Chairman of the meeting, addressing him by name, 
shall say: “ As President (or Chairman of this meet- 
ing) of the Institution of Engineers and Shipbuilders 
in Scotland, I introduce you as a Member (or 
Associate Member or Associate or Student or Hon- 
orary Member as the case may be).’’ Thereafter the 
new Member, Associate Member, Associate, Student, 
or Honorary Member shall sign the Roll of Members, 
atc, to be kept by the Secretary, and on making 
payment of any fees or subscriptions due he shall 
be entitled to receive a diploma. The diploma shall 
be signed by the President and the Secretary. 

16. If any person proposed for admission into the 
Institution be not approved by the Council, or be 
rejected on being balloted for, no notice shall be 
taken of the proposal in the Minutes of the General 
Meetings, and such person shall not be proposed 
again for admission until after the expiry of one year 
from the date of such disapproval or rejection. 
Before the meeting of Council for considering any 
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proposal to grant Honorary Membership, it shall be 
ascertained from any person proposed to be made 
an Honorary Member whether he will accept the 
honour, no notice being taken of the proposal in the 
Minutes unless he is elected. 


Section II].—MANAGEMENT AND OFFICE- 
BEARERS. 


17. The Direction and Management of the affairs 
of the Institution shall be confided to a Council, 
which shall consist of a President, six Vice-Presi- 
dents, and eighteen Councillors. Of the eighteen 
Councillors, not more than three may be Associates, 
the remainder being Members. Five Members of 
Council shall constitute a quorum. 


18. Members only shall be eligible for election as 
President. The President shall preside over all 
meetings of the Institution and Council at which he 
is present, and shall regulate and keep order in the 
proceedings. The President shall hold office for one 
year only, but shall be eligible for re-election at the 
expiry of the year. 

19. Members only shall be eligible for election as 
Vice-Presidents. In the absence of the President, 
the Vice-Presidents in rotation shall preside at 
meetings of the Council and Institution. The Vice- 
Presidents shall hold office for three years. 


20. In case of the absence of the President and all 
the Vice-Presidents, the meeting may elect any one 
of the Council, or any Member, to preside. In all 
cases the Chairman of any meeting shall have a 
Deliberative Vote and a Casting Vote. 


21. Members and Associates only shall be eligible 
for election as Ordinary Members of Council, and 
shall hold office for three years, and not more than 
three Associates shall hold office in the Council at 
any one time. 
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22. Past Presidents of the Institution shall be ez 
officio Honorary Members of Council. 

23. The Office- Bearers in office at 30th April, 1902, 
shall continue in office till the first General Meeting 
of the Institution in October, 1902, when a new 
Council shall be elected in terms of these Articles. 
Such Office-Bearers shall be eligible for election for 
the new Council. Of the new Council, two Vice- 
Presidents shall retire in October of each of the 
years 1908, 1904, and 1905, their places being filled 
by election, and the persons elected shall hold office 
until the expiry of the terms of office. Similarly of 
the new Council, six Councillors (being five Mem- 
bers and one Associate) shall retire in October, 1903, 
and a like number in October, 1904, and the remain- 
der in October, 1905, their places being filled by 
election at these dates respectively, and their suc- 
cessors retiring at the expiry of the terms of office, 
and so on thereafter, from year to year. The Vice- 
Presidents to retire in October, 1908 and 1904, shall 
be determined by lot among the six Vice-Presidents 
first elected, and the Members of Council to retire 
in October, 1903 and 1904, shall be determined by 
lot among the Members of Council first elected. The 
Vice-Presidents and the Ordinary Members of Coun- 
cil who fall to retire at the dates mentioned, or who 
fall to retire at any time on the expiry of their term 
of office, shall not be eligible for re-election in the 
same capacity, nor shall a retiring Vice-President be 
eligible for election as a Member of Council until 
one year has elapsed from the date of retiral. 

24. The Members of Council shall be elected by 
ballot at the Annual General Meeting, such meeting 
being the last Ordinary Meeting held in each month 
of April, but the new Office-Bearers elected at this 
meeting shall not enter office until 1st October 
following. In the election of President, Vice-Presi- 
dents, and Ordinary Members of Council from the 
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Class of Associates, all Members, Associate Members, 
and Associates shall be entitled to vote. In the 
election of the other Members of Council only Mem- 
bers and Associate Members shall be entitled to vote. 

25. In March of each year the Council shall meet 
and prepare a list of names for the election of Coun- 
cil for the ensuing year., This list shall be submitted 
to the Members at the Monthly Meeting preceding 
the Annual Meeting, and the Members present may, 
by motion, duly seconded, propose any additional 
names for any of the offices. 

20. Fourteen days before the General Meeting in 
April of each year the list as proposed by the Coun- 
cil for the election of Members and others to fill the 
vacancies in the Council for the ensuing year, with 
such additions as may have been made thereto under 
Article 25, shall be printed and sent to all Members 
and Associate Members, and the list shall serve as a 
ballot paper. A similar list shall be printed and 
sent to all Associates containing the names of those 
for whom they are entitled to vote. Those persons 
entitled to vote may vote for as many names on the 
list as there are vacancies to be filled. In the event 
of any ballot paper not containing names equal to 
the number of vacancies to be filled, such ballot 
paper shall be treated as a spoiled paper. 

The ballot papers may be sent by post or otherwise 
to the Secretary, so as to reach him before the day 
and hour named for the Annual General Meeting, or 
they may be presented personally by those entitled 
to vote, at the opening of the meeting. 

27. A vacancy occurring during any Session in 
consequence of the resignation or death of any Office- 
Bearer (except the President) shall be filled up by 
the Council, until the next Annual General Meeting 
for electing Office-Bearers. Any vacancy in the 
office of President shail be filled up at the next 
General Mceting of the Institution. А person 
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elected to fill a vacancy shall hold office for the’ 
period unexpired of the term of office of the Office- 
Bearer resigning or dying or being removed from 
office, and he shall not be eligible for re-election. 


SECTION IV.——POWERS AND DUTIES OF 
COUNCIL. 


28. The Council shall meet as often ae the busi- 
ness of the Institution requires, and during each 
Session—that is, from October till April—the 
Council shall meet at least once a month. 

29. The Council may delegate any of their powers 
to Committees consisting of such Members of the 
Council as they think fit, and they may appoint 
Committees to report to them upon special subjects. 
In particular, they shall appoint a Finance Com- 
mittee to superintend the finances of the Institution, 
a Library Committee to superintend Library arrange- 
ments, and a Papers Committee to arrange for 
papers being submitted at meetings of the Institu- 
tion. The Minutes of all Committees shall not take 
effect until approved by the Council. The Presi- 
dent shall be ez officio a Member of all Committees. 
The Convener of the Finance Committee shall be 
styled Honorary Treasurer. He shall be elected by 
the Council from their number, and notwithstanding 
the provision for retiral in Article 23, he shall be 
entitled to retain the office of Honorary Treasurer 
for three years from the date of his appointment. 

80. The Council may make Bye-Lawe and Regu- 
lations for carrying on the business of the Institution, 


and, from time to time, alter, amend, repeal, vary, 


or add to the same; but any Bye-Law or Regulation, 
or any alteration or amendment thereon, or addition 
thereto, shall only come into force after the same 
has been confirmed at a General Meeting of the 
Institution, and no Bye-Law or Regulation shall be 
made under the foregoing which would amount to 
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such an addition to or alteration of these Articles as 
would only be legally made by a Special Resolution 
passed and confirmed in accordance with Sections 50 
and 51 of the Companies Act, 1862. The Council 
shall be entitled to invest the Funds of the Institu- 
tion as they think fit, on such security, heritable or 
moveable, as to them shall seem proper, and may 
alter or vary the investments from time to time. 
The Council may purchase or sell property, heritable 
or moveable, for the use of the Institution, and may 
borrow money on the security of the property of the 
Institution, subject to confirmation by the Institution 
at an Extraordinary Meeting called for the purpose. 

31. The Council shall appoint a Secretary and a 
Treasurer, and any other official or servant required 
to carry on the work of the Institution, and the 
appointments made by the Council shall be on such 
terms and conditions as the Council may think fit. 

82. All questions in or before the Council shall be 
decided by vote, and such vote shall be taken by a 
show of hands or by ballot; but at the desire of any 
four Members present the determination of any eub- 
jectshall be postponed till the next meeting of Council. 


SECTION V.—SECRETARY AND TREASURER. 


83. Subject to Regulations by the Council, the 
Secretary (who may also act as Treasurer) shall con- 
duet the correspondence of the Institution; attend 
all meetings of the Institution, of the Council, and 
of Commitees; take Minutes of the proceedings of 
such meetings, and enter them in the proper books 
provided for the purpose; read at all meetings of the 
Institution and Council respectively the Minute of 
the preceding meeting, and all communications 
received by him or ordered to be read ; superintend 
the publication of such papers as the Council may 
direct; take charge of the Library; issue notices of 
meetings; issue diplomas; keep the Roll and Regis- 
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ters; and perform whatever other duties are indi- 
cated in the Regulations of the Institution as 
appertaining to his department or set forth in the 
terms of his appointment. 

34. Subject to regulation by the Council, the 
duties of the Treasurer shall be to take charge of the 
property of the Institution (excepting books, papers, 
drawings, models, and specimens of materials, 
which shall be in charge of the Secretary); to receive 
all payments and subscriptions due to the Institu- 
боп; to direct the collection of subscriptions; to pay 
into one of the Glasgow Banke, in the joint names 
of the President, Honorary Treasurer, and himself, 
the cash in his hands whenever it shall amount to 
Ten Pounds; to pay all sums due by the Institution, 
but not without an order signed by two Members of 
the Finance Committee, and to keep an account of 
all his intromissions in the General Cash Book of 
the Institution, which shall upon all occasions be 
open to inspection of the Finance Committee, and 
which shall be balanced annually, ae at 30th Sep- 
tember. ‘The Treasurer shall prepare an Annual 
Statement of the Funds of the Institution, and of 
the receipts and payments of each financial year, 
whieh shall be audited by the Auditor aftermen- 
tioned, and this Statement of the Funds and an 
Inventory of all the property possessed by the 
Institution, and a List of the Members, Associate 
Members, Associates, and Students whose subscrip- 
tions аге in arrear, shall be submitted to the First 
Meeting of the Council, in October. 

85. An Annual Report upon the affairs of the 
Institution shall be drawn up under the direction of 
the Council at & meeting to be held not less than ten 
days before the General Meeting of the Institution 
in October. This report shall embody reports from 
the representatives elected by the Council to various 
official bodies. 
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Section VI.—AUDIT OF ACCOUNTS. 


86. An Auditor, who must be a Chartered 
Accountant of at least five years standing, shall be 
appointed by the Council &t their meeting preceding 
the last General Meeting of each Session, to 
examine the accounts and books of the Treasurer, 
and the Annual Financial Statement or Statements 
of the Funds, and that Statement, along with the 
Audit and Annual Report, shall be printed in the 
notice calling the First General Meeting of the 
Institution in October, and shall be read at that 
meeting. 


SECTION VII.—MEETINGS AND PROCEEDINGS 
OF THE INSTITUTION. 

87. The Institution shall hold ordinary meetings 
for reading papers, and for discussing matters con- 
nected with the objects of the Institution; and 
such meetings shall take place regularly, at least 
once in every four weeks during each Session; and 
may be adjourned from time to time. The Sessions 
shall commence in October, and continue until the 
month of April next following, inclusive. No busi- 
ness Shall be transacted at any meeting unless 25 
Members shall be present. 

At the General Meeting in April of each year for 
the election of Office-Bearers, the order of business 
shall be :— 


(1) Minutes of last meeting. 

.(2) To read and consider the reports of the 
Council and Treasurer. 

(3) The mecting shall nominate two Scrutinecrs, 
who shall be Members, and shall hand to 
them the ballot-box containing the voting 
papers for the new Office- Bearers. 

(4) The Scrutineers shall receive all ballot 
papers which may have reached the Secre- 
tary, and all others which may be pre. 
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sented at the meeting. The Scrutineers 
shall then retire and verify the lists and 
count the votes, and shall, before the close 
of the meeting, report to the Chairman the 
names which have obtained the greatest 
number of votes eubject to the conditions 
of the ballot. The Chairman shall then read 
the list presented by the Scrutineers, and 
shall declare the gentlemen named in the 
list to be duly elected, provided always 
that the list does not contain more names 
than there are vacancies to be filled. 
Отапагу Mer 88. At every ordinary meeting of the Institution, 
business. the Secretary shall first read the Minutes of the 
preceding meeting, which, on approval, shall then 
be signed by the Chairman of the meeting at which 
the Minutes are read and approved. The Secretary 
shall next read any notices which may have to be 
brought before the meeting; after which any Candi- 
dates for admission may, if necessary, be balloted 
for, and any new Members shall be admitted. Any 
business of the Institution shall then be disposed 
of, after which notices of motion may be given. The 
paper or papers for the evening shall then be read 
and discussed. Each Member shall have the privi- 
lege of introducing one friend to the General Meet- 
ings, whose name must be written in the Visitors’ 
Book, together with that of the Member introducing 
him; but if the introducing Member be unable to 
attend the meeting, he may send with the visitor 
a card signed by him addressed to the Secretary. 
During such portions of any of these meetings as 
may be devoted to any business connected with the 
management of the Institution, visitors may be 
requested by the Chairman to withdraw. 
Nature of 89. All papers read at the meetings of the Insti- 
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tice of Engineering or Shipbuilding, and must be 
accepted by the Papers Committee before being read. 

40. The papers read, and the discussions held 
during each Session, or such portion of them as the 
Council shall eelect, shall be printed and published 
forthwith. 

41. Explanatory notes communicated after the 
reading or discussing of papers may be printed in 
the Transactions, if the Council see fit. 

42. The copyright of any paper read at a meeting 
of the Institution with its illustrations, shall be 
the exclusive property of the Institution, unless the 
publication thereof by the Institution is delayed 
beyond the commencement of the Session immedi- 
ately following that during which it is read; in 
which case the copyright shall revert to the author 
of the paper. The Council shall have power, how- 
ever, to make any arrangement they think proper 
with an author on first accepting his paper. 

43. The printed Transactions of each Session of 
the Institution shall be distributed gratuitously, as 
soon as ready, to those who shall have been Mem- 
bers, Associate Members, Associates, or Honorary 
Members of the Institution during such Session, 
and they shall be sold to the public at such prices 
as the Council shall fix. Authors of papers shall 
be entitled to thirty separate copies of their papers, 
with the discussions, as printed in the Transactions. 

44. Extraordinary or Special Meetings may be 
called by the Council when they consider it proper 
or necessary, and must be called by them on receipt 
of a requisition from any 25 Members, specifying 
the business to be brought before such meeting. 

45. Any question which, in the opinion of the 
President or the Chairman of the meeting of Coun- 
cil and Institution, is of a personal nature shall be 
decided by ballot; all other questions shall be decided 
by a show of hands, or by any convenient system of 
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open voting. In all cases, not hereinbefore provided 


Who шау vote. for, only Members, Associate Members, and Asso- 


Annual | 
Subscription 
payable. 


ciates shall be entitled to vote. Every Member, 
Associate Member, and Associate shall have one 
vote only, which must be given personally. 


SECTION VIII.—SUBSCRIFTIONS OF MEMBERS 
AND OTHERS. 


46. Each Member shall, on election, pay ап 
Entrance Fee of £1, and for the current and for each 
Session thereafter an Annual Subscription of £3. 

Each Associate Member shall, on election, pay ап 
Entrance Fee of £1, and for the current Session and 
each of the two following Sessions an Annual Sub- 
scription of £1 10s., and thereafter an Annual 
Subscription of £2 5s. 

Each Associate shall, on election, pay an Entrance 
Fee of £1, and for the current Session and each 
Session thereafter an Annual Subscription of £2 5s. 

Each Student shall pay an Annual Subscription 
of Fifteen Shillings, but no Entrance Lee. 

In the case of Members, Associate Members, 
Associates, and Students, elected during March and 
April, no subscription shall be payable for the cur- 
rent Session. 


47. Honorary Members shall be liable for no 
contribution or subscription or Entrance Fee. 


48. The liability of any Member or Associate for 
future Annual Subscriptions may be commuted by 
the following payments—viz., in the case of a Mem- 
ber, by the payment of £40; and in the case of an 
Associate by the payment of £30, and, in the event 
of such payment being made by a Member or 
Associate on his admission to the Institution, the 
same shall be in full of Entry Money as well as 
future Annual Subscriptions. 
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49. All persons transferred, in terms of Articles 
10 and 11, to the Roll of Members, Associates, or 
Students, to be kept under these Articles, shall not 
be liable to pay any Entrance Fee, but for the Ses- 
sion 1902-8, and thereafter, they shall be liable for 
the Annual Subscription applicable to the Class to 
which they are transferred. All persons who, as 
Members or Associates under the former Articles 
of Association, had commuted their Annual Subscrip- 
tions by a capital payment to the Institution shall 
not be liable for any subscription, notwithstanding 
the terms of this Article. 


50. Annual Subscriptions shall become due on the 
first day of October in each year, and must be paid 
before lst January following. 


51. No Member or Associate Member or Associate 
whose subscription is in arrear shall be entitled to 
vote at any meeting of the Institution nor to receive 
copies of papers or proceedings while the subscrip- 
tion remains unpaid. 


52. Any Member, Associate Member, Associate, 
or Student whose subscription is more than three 
months in arrear shall be notified by the Secretary. 
Should his subscription become six months in arrear 
he shall be again notified by the Secretary, and all 
his rights in connection with the Institution shall be 
suspended. Should his subscription become one 
year in arrear he shall be removed from the Roll 
of the Institution unless the Council may deem it 
expedient to extend the time for payment. 


53. Any Member, Associate Member, Associate, 
or Student retiring from the Institution shall con- 
tinue to be liable for Annual Subscriptions until he 
shall have given formal notice of his retirement to 
the Secretary. Contributions payable by Members, 
Associate Members, Associates, or Students shall 


XXV 


When Annual 
Subscriptions 
due. 


Members, etc., 
not entitied to 
vote if in arrear. 


Members, etc., 
retiring from 
the Institution. 


xxvi 


Remission of 
Subscription in 
certain cases. 


Council may 
refuse to re- 
ceive subscrip- 
tions in certain 
cases. 


Powers of 
Institution in 
Gener 
Meeting. 


To delegate 
powers to 
Council. 


ARTICLES OF ASSOCIATION 


be debts due to the Institution, and may be 
recovered by the Treasurer. 


94. In the case of any Member or Associate who 
has been long distinguished in his professional career, 
but who, from ill health, advanced age, or other 
sufficient cause, does not continue to carry on a 
lucrative practice, the Council, if they think fit, may 
remit the Annual Subscription of such Member or 
Associate, and they may remit any arrears due by 
him. Any such case must be considered and 
reported upon to the Council by a Committee 
appointed by the Council for the purpose. 


55. The Council may refuse to continue to receive 
the subscription of any person who shall have wil- 
fully acted in contravention of the regulations of the 
Institution, or who shall, in the opinion of the 
Council have been guilty of such conduct as shall 
have rendered him unfit to continue to belong to the 
Institution, and may remove his name from the 
Register, and he shall thereupon cease to be a 
Member, Associate Member, Associate, or Student 
(as the case may be) of the Institution. 


Section IX.—GENERAL POWERS AND 
PROVISIONS. 


56. Any Extraordinary or Special Meeting of the 
Institution, duly called, shall have power by a 
majority in number of the persons present thereat 
entitled to vote, from time to time, to review the 
decisions or determinations of the Council; to remove 


Members of Council; to expel Members, Associate 


Members, Associates, Students, or Honorary 
Members from the Institution, and to expunge 
their names from the Roll; and to delegate to the 
Council all such further powers as may be con- 
sidered necessary for efficiently performing the 
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business of the Institution. At any Extraordinary 
or Special Meeting 50 Members shall be a quorum. 


xxvii 


57. The Institution ehall have a common geal, Common Seal 


which will be under the charge of such of the Office- 
Bearers as the Council may appoint, and all instru- 
ments bearing the seal shall be countersigned as 
the Council shall direct. 


SECTION X.—NOTICES. 


58. Notices requiring to be served by the Institu- Notices. 


tion upon its Members, Associate Members, Asso- 
ciates, Students, or Honorary Life Members may 
be served either personally, or by leaving the same, 
or by sending them through the post; and notices so 
posted shall be deemed to have been duly served. 
No Members, Associate Members, Associates, 
Students, or Honorary Life Members who have not 
a registered address within the United Kingdom 
shall be entitled to any notice; and all proceedings 
may be had and taken without notice to any such. 


59. Notices for uny General or Extraordinary or 
Special Meeting of the Institution must be given by 
the Secretary to all Members, Associate Members, 
Associates, or Honorary Life Members at least four 
days before such meeting. Notices of any adjourned 
meeting shall be given at least two days before the 
adjourned meeting ig held. Such notices shall 
specify the nature of the business to be transacted, 
and no other business shall be transacted at that 
meeting. 

60. Notices for any meeting of Council must be 
given by the ‘Secretary at least four days before 
such meeting. Notices for the meeting of Commit- 
tees shall be given as the Council shall direct. 


61. In computing the inducie of any notice, the 


day on which the same is delivered shall be 
reckoned as an entire day. 
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APPENDIX. 
Form A. 
Form of Recommendation and Undertaking. 
Ac Biss OFS a being upwards Of......... years of age, and 
being desirous of belonging to the Institution of Engincers and Shipbuilders 
in Scotland, I recommend him, from personal knowl «ісе, as in every respect 
worthy of that distinction because (here specify distinctly the qualifications of 
the Candidate according to the spirit of Articles 5, 6, 7, and 5). 
On the above grounds I beg leave to propose him to the Council as a 
proper person to belong to the Institution. 
"ER Member. 
Dated this.................. day Of уызы 19 


We, the undersigned, from personal knowledge, concur in the above recoin- 
mendation. 


CU DT MR TEN Member. 
um rM MU Member. 
I, the said A. B., do hereby promise that in the event of my election I will 


abide by the Rules and Regulations of the Institution, and that I will pro- 
mote the objects of the Institution as far as may be in my power. 


The Council having considered the above recommendation present А. В. to 


be balloted for as............0f the Institution of Engineers and Shipbuilders in 
Scotland. 
Passed by the Council.............. о. 19 
BAWO FORDE сет а ыы ғыны 19 
КЛ President (or Chairman). 
Form B. 
Form for Transfer from one Class to another. 
УОК РАО ҮЛ Рони having been a............ of the Institution of 
Engineers and Shipbuilders in Scotland for......... years, and being desirous of 
becoming a............ of the Institution, we, from personal knowledge, recom- 
mend liim as in every respect worthy of being elected a...... ...оЁ the Institution. 
КОКС ааа мера ер СТГ Member. 
E CC DSS Member. 
E —— Member. 


I, the said A. B., do hereby promise that in the event of my election I will 
abide by the Rules and Kegulations of the Institution, and that I will pro- 
mote the objects of the Institution as far as may be in my power. 


“ееееееееосеоеоеоееееееоееегеееееоеоееееееееееееееее 


The Council having considered the above recommendation and undertaking 
approve of the same. 


—— ————— — € President (or Chairman). 
Dated this............... wes hy О] иена 19 


BY E-LAWS. 


MEDALS AND PREMIUMS. 


1. Each of the two Medals founded by subscrip- 
tion, for the best paper in the Marine and Railway 
Engineering Departments respectively, shall be 
awarded by the vote of a General Meeting, not 
oftener than once in each Session. 


2. The Council shall have power to offer annually 
a Medal for the best paper on any subject not com- 
prehended by the Marine and Railway Engineering 
Medals. Such additional Medal to be called the 
Institution Medal, and to be paid for out of the 
funds of the Institution, until & Special Fund be 
obtained. This Medal also shall be awarded by the 
vote of & General Meeting. 


3. If it shall be the opinion of the Council that a 
paper of sufficient merit has not been read in & par- 
tieular department during any Session, the Medal 
shall not be given in that department; and, in the 
ease of the Marine and Railway Engineering Medals, 
the interest arising from the particular Fund shall 
be added to the principal. 


4. If the person to whom a Medal may be awarded 
shall express a wish to receive a Bronze Medal, 
accompanied with the extra value in books, in lieu 
of the ordinary Gold Medal, the award shall be made 
in that form. The Council may recommend pre- 
miums of books in lieu of, or in addition to, the 
Gold Medals. The value of such premiums of 
books to be determined by the Council. 


MANAGEMENT OF THE LIBRARY. 


5. The Council, at their first meeting each Session, 
shall appoint eight of their number to form a 
Library Committee, one of the eight to be Honorary 


Marine anıl 
Railway 
Engineering 
Meclals. 


Institution 
Meda), 


When Medals | 
may not be 
awarded. 


Medals and 
Books may be 
awarded. 


Appointment 
of Library 
Committee, 


XXX 


Secretary shall 
have charge of 
Library. 


Powers of 
Library Com- 
mittee. 


Duties of 
Library Com- 
mittee and 


Annual Report. 


When Library 
is to be open. 


Who may 
borrow books. 


BYE-LAWS 


Librarian and Convener of the Committce. Three 
Members of the Committee shall form a quorum. 

6. The Secretary of the Institution shall have 
charge of the Library, and shall also act as Secre- 
tary of the Library Committee. 

7. The Library Committee, subject to the sanc- 
tion of the Council, shall expend in books and 
Library expenses the sums placed at their disposal, 
and, subject to the approval of the Council, may 
make Bye-Laws for the management of the Library, 
and appoint Assistants. The eum of £30 or thereby 
shall be expended annually out of the funds of 
the Institution, in the purchase of books for the 
Library, in addition to the ordinary expenditure in 
binding, etc. 

8. The Library Committee shall annually make 
an examination of the property in connection with 
the Library, and report to the Council, detailing the 
state of the Library affairs. 


LIBRARY BYE-LAWS AS TO USE OF BOOKS. 


9. Except during Holidays and Saturdays, the 
Library shall be open each lawful day from Ist May 
till 30th September inclusive, from 9.30 a.m. till 5 
p.m. On Saturdays the Library shall be open from 
9.30 a.m. tilll p.m. On the 1st October and there- 
after throughout the Winter Session the Library 
shall be open each lawful day from 9.30 a.m. till 
8 p.m., except on meeting nights of the Institution 
and Royal Philosophical Society, when it shall be 
closed at 10 p.m. The Library shall be closed for 
the Summer Holidays from the llth July till 31% 
July inclusive. 

10. Books shall not be lent to any persons except 
Members, Associate Members, Associates, Students, 
or Honorary Members of the Institution; but a per- 
son entitled to borrow books may send a messenger 
with a signed order. 

11. The books marked with an asterisk in the 
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Catalogue shall be kept for consultation in the 
Library only, and shall not be lent. 

12. The Librarian and Assistant Librarian shall 
take their instructions from the Secretary of the 
Institution. They shall keep an Accession Book, 
in which shall be entered the particulars of all books 
purchased for or donated to the Library. 

18. The Librarian, or Assistant Librarian, shall 
keep a Register in which he shall enter the titles 
of the book or books lent, the date of lending, the 
name of the borrower, and the date of the return of 
the book or books to the Library. 

14. The borrower of the book or books, or, in his 
absence, the bearer of his order, shall sign his name 
to the entry of euch borrowing in the Librarian’s 
Register. 

15. The Librarian, or Assistant Librarian, shall 
sign his initials to the date of the return of the book 
or books. 

16. The borrower shall be responsible for the safe 
return of the book, and if it be damaged or lost he 
shall make good such damage or loss. Should books 
be returned in a damaged condition, the Librarian, 
or Assistant Librarian, shall immediately make an 
entry of the fact in the Register, and report the same 
to the Library Committee without delay; and he 
shall give notice in writing of such entry, and report 
to the person from whom he last received the book, 
within three clear days of the receipt of the book, 
exclusive of the day of receiving the book and the 
day of giving such notice. 

17. No person shall be entitled to borrow, or have 
in his possession at one time, more than two com- 
plete works belonging to the Library, or two volumes 
of any periodical. 

18. No person being six months in arrears with 
his subscription to the Institution shall be at 
liberty to use the Library or Reading Room. 


xxxi 


Books for 
consultation 
only. 


Librarian to 
keep Accession 
Book. 


Register kept 
of books lent. 


Borrower to 
sign for books. 


Librarian to 
certify return 
of books. 


Books damaged 
to be entered 
in Register. 
Intimation to 
Library Com- 
mittee, and 
notice to last 
borrower. 


Number of 
books which 
may be bor- 
rowed at one 
time. 


Persons in 
arrears of Sub- 
scription not to 
have use of 
Library. 


xxxii BYE-LAWS 


Тіше booksmay 19, No borrower shall have the right to retain a 
book longer than thirteen clear days, exclusive of 
the days of borrowing and returning; and written 
notice shall be sent to the borrower one day after 
the time has expired. In no ease shall any book be 
kept longer than twenty clear days. 

Lots to be 20. In the event of two or more persons applying 


drawn when | 
two may apply for the same book at the same time, the applicants 


bok. ghall draw lots for priority. 

Introduction of 21. Each Member shall be entitled to introduce а 

friends to + 

Reading Room. friend to the Reading Room, whose name shall be 
written in the Visitors’ Book, together with that 
of the Member introducing him. 

Annual scrutiny 22, All books belonging to the Library shall be 
called in for inspection, and the lending out of books 
shall be suspended in each year for one week, being 
the last seven clear days of March; and all Members 
shall be required by an intimation to be inserted 
in the notice calling the preceding meeting of the 
Institution, to return all books in their hands to the 
Library on or before the day next preceding the 


period before mentioned. 


Note.—The Library and Reading Room are open to Members, 
Associate Members, Associates, and Students; and the Library 
of the Philosophical Society is open for consultation. 
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PROF. А. Dann, D.Sc. JOHN STEVEN, 

W. А. CHAMEN. JOIN WARD. 


Epwarp H. PARKER, 
Necrelary. 
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GENTLEMEN, | | | 

gans My first duty in opening the sixty-sixth session 
of the Institution is to thank you for the honour you have 
conferred upon me in re-electing me President. Such an 
honour will be a life-long memory, and. during my second term 
of office it will be my endeavour to further ше interests of the 
Institution in every way possible. : | А 

The clouds of industrial depression which overspread the 
community more than a year ago still hang gloomily over the 
industries with which we are connected. It is difficult to dis- 
cern any bright spot in the immediate outlook, and we begin 
this session with no little anxiety as to the futüre: It is sad 
to see such a large proportion of idle plant in the shipyards 
and workshops on the Clyde, but it is sadder still to witness 
the unprecedented number of unemployed and the great 
кын that all this involves. | 


bo 
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I regret to say that a number of our own members are 
included among those who are only too anxious to obtain 
employment. With so many жек. equipped factories it is hard 
to believe that they can remain. idie for any great length of 
time, providing that there: isa ‘genuine desire on the part of 
employers and employses "o work amicably for their mutual 
benefit; but there can. bé no real revival in shipbuilding or 
engineering until the relationship of work and wages has been 
adjusted to. presens economic conditions. We can only hope 
that soon. wê‘ shall approach the eve of improvement which 
will bring- prosperity to our shipyards and engineering shops, 
and afford employment and happiness to many who are weary 

of seeking work. 
| ‘The Institution has not escaped the consequences of 
“industrial stagnation, but, viewing the matter as a whole, 
the present roll strength may be considered satisfactory. It 
is not possible for the Institution to regulate the ebb and flow 
of industrial activity, but by discussion and the exchange of 
views on technical and other subjects its members can help 
to solve economically the various problems which from time to 
time arise, and thereby promote the interests of shipbuilding 
and engineering in such a way as to place these industries in 
a better position to meet the menace of foreign competition. 

At the opening of every new session it is sad to observe the 
gaps in the list of members, caused by those who have passed 
from us. During last session one familiar figure was removed 
from our midst. I refer to Mr. Cleghorn, who was President 
of the Institution during Sessions 1917-1919, and was well 
known for the keen interest he took in its affairs. Although 
he was President during an exceptionally busy period, he never 
failed in finding time to give advice on all matters concerning 
the Institution. 

It was my privilege when I addressed you last year to refer 
to the benefits of scientific and industrial research, particularly 
to those applying to shipbuilding and marine engineering. In 
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a factory or workshop it is quite unnecessary for the majority 
to be qualified to pursue research, but in the interests of 
industrial prosperity it is essential to encourage a few specially 
trained minds in each establishment to devote their time and 
energies to different branches of research. 

With your permission I should like to refer briefly to a par- 
ticular branch of research work which has been the means of 
materially increasing the knowledge of the naval architect. I 
have collected some data of tests made from time to time in 
experimental tanks, the results of which clearly show the 
advantages accruing from carefully conducted model experi- 
ments. I have not attempted any comprehensive survey of 
the subject, but rather have selected a few examples in order 
to illustrate what has been accomplished in connection with 
high-speed vessels. 

Over 50 years ago the late Dr. William Froude carried out 
his famous experiments with H.M.S. ‘‘ Greyhound,” and 
obtained a ratio between effective horse-power and indicated 
horse-power. The thoroughness with which his experiments 
were carried out, and the complete analysis of the results that 
was given, made them extremely valuable, and naval architects 
recognise how much they owe to Dr. Froude for his pioneer 
work in this direction. It will be remembered that from the 
results of the ‘‘ Greyhound " experiments the basis of com- 
parison between the vessel and its model was established. 

In the early eighties a torpedo boat 100 feet in length by 
12 feet 6 inches in breadth, with a displacement of 40 tons, 
was run at various speeds, and the indicated horse-power at 
these speeds recorded. The boat was subsequently towed, and 
the effective horse-power as well as the ratio of effective horse- 
power to indicated horse-power was obtained for different 
speeds. Experiments were then conducted in the Admiralty 
tank, which at that time was situated at Torquay, with a 
model of this vessel, and it was found that the effective horse- 
power calculated from the model results came within three 
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per cent. of the results obtained when towing the full-sized 
vessel, showing, even when model experiments were more or 
less in their infancy, the accuracy that was obtained by early 
investigators. 

Some years later the influence of depth of water on the 
performance of high-speed vessels received considerable atten- 
tion, and I briefly referred in my previous address to the effect 
of depth of water on speed in this type of vessel. I should 
like again to allude to this question Бу drawing attention to 
some tank experiments upon a model of a destroyer 225 feet 
in length by 23 feet 6 inches in breadth, with a displacement 
of 600 tons on a draught of 7 feet 9 inches. The tank was 
fitted with a false bottom so that the depth of water could be 
varied as desired, and the model was run over a range of speeds 
corresponding to from 11 to 33 knots, in six different depths 
of water equivalent to 20, 30, 45, 60, 90, and 120 fect for the 
ship. Careful observations were made of wave formation and 
variation of trim of the model at different speeds and depths, 
and the curves of effective horse-power in terms of spced, 
deduced from the experiments, are shown in Fig. 1. A feature 
of these curves is the appearance of a hump at certain points 
on each curve, indicating that the power rapidly increases at 
certain speeds in conjunction with certain depths of water, and 
it will be noticed that as the depth of water becomes greater so 
this abnormal resistance occurs at higher speeds and is less 
pronounced. Even when running in a depth of water of 120 
feet there is a perceptible hump on the curve, showing increased 
resistance at that particular point. It will be seen on further 
examination of the curves that after the hump has been passed 
the effective horse-power is less for a given speed in shallow 
water than in deeper water. Further experiments proved 
that to obtain the true performance of a vessel of this par- 
ticular size at high speeds by eliminating entirely the effect of 
depth of water, it would be necessary to run her in water of 
not less than twenty-five times the draught of the hull. 
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On another occasion a torpedo-boat destroyer of 400 tons 
displacement was run at different speeds over a carefully 
selected course having approximately a depth of water of 40 
feet, to ascertain the effect of shallow water on speed, and 
also to compare the results with the data obtained from model 
experiments. A model of this vessel tried in a tank in depths 
corresponding to 30 and 45 feet for the ship gave results which 


Curves OF EFFECTIVE Horse Power AND SPEED 
WITH VARIOUS DEPTHS OF WATER. 
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are shown by curves 2 and 3 in Fig. 2. The full black line 
marked 1 indicates the effective horse-power of the destroyer 
as deduced from her trials. It will be noticed how closely 
the tank experiments correspond to the performance of the 
actual vessel. 

During the trial of this destroyer it was found, when running 
at a depth of about 40 feet and the critical speed was being 
approached (that is, at the point of the curve just where the 
hump begins) that, with a rise of boiler pressure of 25 lbs. 
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only half-a-knot increase in speed was obtained, but when the 
pressure was increased by another 25 lbs. a rise of as much 
as five knots was obtained. The first 25 lbs. was required to 
reach the top of the hump, whereas the next 25 lbs. carried 
the vessel over the hump, and the extra resistance for the 
increased speed of five knots was comparatively small. 


CURVES OF COMPARISON BETWEEN 
Мосе EXPERIMENTS TAKEN AT DEPTHS 
CORRESPONDING то 50 ANO 45 FEET, ANO 
ACTUAL TRIALS with A DESTROYER 
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When comparing the performance of similar vessels it is 

clearly necessary that the depth of water over which the trials 
` are made should be definitely ascertained, unless, of course, 
it is known that the depth is such as not to influence the 
results. Trials have been made on one day at high water and 
on another day at low water with entirely different results, 
although all other conditions remained constant. From the 
curves in Fig. 2 it will be seen that a difference of 15 feet in 
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depth of water makes a very considerable difference in power 
in the region of the humps. 

Many interesting and valuable tests have been made by 
various investigators with a view to reducing the resistance of 
high-speed vessels to a minimum. A few years ago some 
experiments were carried out at the tank of the National 
Physical Laboratory, under the supervision of Mr. Baker, with 
4 model of a destroyer of 255 feet in length by 25 feet 7 inches 
in breadth, to: ascertain the effect of parallel middle body on 
hull resistance. The first series of trials was run at different 
speeds with the model having no parallel body. The second . 
serles was made with a similar model, having parallel body 
corresponding to 5 feet for the ship and the bow snubbed a like 
amount. In the third series the parallel body and snubbing of 
the bow corresponded to 10 feet for the ship in each case. The 
trials were all made with a constant length, a displacement 
equivalent to 770 tons, and at speeds corresponding to from 
22 to 42 knots, for the ship. Fig. 8 represents the comparative 
curves of effective horse-power required at different speeds as 
deduced from the model trials. It will be seen that the 
insertion of parallel body and the snubbing of the bow are 
undesirable. With 5 feet of parallel body the effective horse- 
power is increased by about 6 per cent., and with 10 feet of 
parallel body the effective horse-power is increased more than 
10 per cent. when running at speeds of about 40 knots. The 
best model (Model A) was selected for a further series of trials 
to determine the effect of longitudinal trim, the displacement 
being kept constant and corresponding to 770 tons for the ship. 
Five conditions of trim were chosen as follow : — 


‘With the bow depressed 30 inches. 
With the bow depressed 15 inches. 
On even keel. 

With the bow elevated 15 inches. 
With the bow elevated 30 inches. 
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Trials at speeds corresponding to 30, 35, and 40 knots for the 
ship were run with each condition of trim, and the results 
shown in Fig. 4 indicate, for a moderate trim by the stern, a 
saving in effective horse-power of from 3 to 5 per cent. 
according to the speed, as compared to the even keel condition. 
Excessive trim by the stern, although possibly giving better 
sea-going conditions, caused increased wave-making and eddy- 
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making at the stern. Trimming by the bow at high speeds 


caused a large wave, which, in some cases, rose up to the level 
of the forecastle deck of the vessel. From these results the 
best trim on which to run this particular design of destroyer 
was ascertained. 

Another series of trials was made with Model A as a basis 
by, firstly, inserting 20 feet of parallel body in the design so 
that the length was increased from 255 to 275 feet, referred 
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to in the diagram as Model B; and secondly, instead of adding 
20 feet of parallel body to Model A, the same length was 
utilised in d the entrance, and is referred to in the 


FIG. 4. 
CURVES SHOWING EFFECT OF LONGITUDINAL 
RM оң SPEED ж Errectwe Horse Power. PowER. 
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diagram as Model C. The models were all of the same beam, 
corresponding to 25 feet 7 inches, and of the same displacement, 
corresponding to 770 tons for the full-sized vessel. The models 
were run over a range of speeds corresponding to from 22 to 
42 knots for the ship, and the results are plotted in Fig. 5. 
The advantage of lengthening the hull is at once apparent, 
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and the curves also show the still greater advantage of using 
the extra length in elongating the entrance. For instance, 
Model A at 40 knots requires 15,000 effective horse-power, 
whereas Model B at the same speed requires 14,300, and 
Model С 13,500. 

It is interesting to compare the curve of effective horse-power 
of Model С with that of Model A, curve 3, Fig. 3. Both 
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these curves show the effective horse-power of a destroyer of 
770 tons displacement, but Model C represents & vessel 275 
feet long without parallel body, and Model A, curve 3, 
Fig. 3, a vessel 255 feet long with 10 feet of parallel body. 
The effective horse-power at 40 knots for Model C is 13,500, 
and the corresponding power for Model A, at the same speed, 
is 16,000. The comparison between these two models is a 
good example of the value of the data obtained from model 
experiments. 

In all the experiments described above the models were 
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run naked, and the next series of trials was conducted to 
ascertain the resistance of the various hull appendages. 
Information was required concerning the best position in which 
{о fit the bilge keels to give the minimum resistance without 
impairing their efficiency in keeping the vessel as steady as 
possible in a sea-way. It was necessary, therefore, to ascertain 
the general flow of the stream lines in way of the bilge keels, 
and to obtain this information small flags on spindles passing 
through the model and free to turn on their axes were fitted 
at different positions along the side of the model. The model 
was then towed, and the flags took up their natural positions 
in the stream lines along the hull, and these positions were duly 
recorded by indicators inside the model. The flags were placed 
about 13 inch apart and over the length corresponding to the 
proposed length of the bilge keel. It was found that at high 
speeds the position which had been selected for the bilge keels 
and fitted to many vessels was not that of least resistance. 
It was a small matter to alter the position of the bilge keels 
in accordance with what the model experiments indicated as 
desirable, without affecting their usefulness in other respects. 

The same model was also tried with shaft brackets, shafting, 
and rudder separately, in addition to the bilge keels, and 
experiments made at corresponding speeds varying from 26 to 
40 knots. Fig. 6 gives the effective horse-power required for 
the various appendages, and the curve at the bottom of the 
diagram shows the aggregate effective horse-power of all the 
fittings, which represents approximately 8 per cent. of the 
effective horse-power of the naked model at about 40 knots. 

By closely investigating the results of the experiments 
described, information can be obtained regarding the direction in 
which the hull of the vessel and its appendages may be altered 
to reduce resistance. Even the power saved in an alteration 
to the position of the bilge keels is worth securing, as any 
saving in resistance yields a saving in horse-power for the same 
speed, and consequently a reduction in weight of machinery. 
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Again less weight of vessel requires less horse-power to propel 
her at the same speed, so that any saving in resistance is far- 
reaching, and it is interesting to note that, in a destroyer of 
about 255 feet in length, with a displacement of 770 tons, 
for every ton weight saved the vessel will be 120 feet further 
ahead at the end of each hour when running at high speed. 

From a practical or commercial point of view, it is of little 
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use carrying out experiments with models unless the results 
obtained can be turned to good account and applied to the 
actual vessels, but even if any proof were wanted the few 
examples described are sufficient evidence of their value to the 
ship designer and of how, by the expenditure of a comparatively 
small amount of money on research work, the performance of 
ships may be materially improved. 

A certain number of firms have established experimental 
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tanks of their own, and a brief survey such as the above would 
not be complete unless reference were made to these firms. 
Apart from the Admiralty tank at Haslar and the tank at the 
National Physical Laboratory, there are on the Clyde two 
experimental tanks, one belonging to Messrs. William Denny 
& Bros., Dumbarton, and the other to Messrs. John Brown 
& Co., Clydebank, and at Бі. Albans there is also a tank 
belonging to Messrs. Vickers. To these firms naval architects 
are indebted for the results of the many important investiga- 
tions they have carried out and placed at the disposal of the 
profession. 

It is, I believe, customary in a Presidential address to 
give a historical review of progress in technical matters. 
I fear I have departed from this custom, and ask your 
indulgence for so doing. I trust that the results of the few 
model experiments which I have submitted to you, and their 
application in actual practice, may not be without interest, and 
should this be the case I shall feel more than repaid for the 
time taken in collecting the data and for having the privilege 
of laying it before the Institution. 

Prof. Percy А. Нплнооѕе, D.Sc. (Member of Council): 
I am sure you will agree that we have listened to a very in- 
teresting and instructive address from our President. The 
position which his firm, Messrs. Yarrow & Co., holds in the 
shipbuilding industry is unique, in that they are experts in 
torpedo-boat destroyer design and construction; therefore, any- 
thing coming from Mr Yarrow on this subject is worthy of the 
greatest respect, and we are grateful to him for the information 
he has given us on certain points of interest connected with 
destroyer design. It is not customary to criticise or discuss a 
Presidential Address; I shall not, therefore, attempt to do so, 
but it is my pleasant duty to ask you to show your appreciation 
of our President’s Address to-night by giving him a very hearty 
vote of thanks. 

The vote of thanks was most heartily accorded, 
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SEA POWER OR AIR FORCE? 
By Col. Sir Aran Нсонев Burcoyne, М.Р. 


24th October, 1922. 


From the earliest days the power to transport an armed force 
by water has been an integral part of national defence or 
offence. Whilst this truism is applicable in the main to every 
country, to us, an island kingdom, it has been the essence 
oi our military policy, though, in our case, where defence has 
ever bulked larger than offence, our fleet (the '' sure shield ” 
of later years) has had its being rather in its power to prevent 
and resent aggression then to provoke it. То this day nothing 
has arisen to falsify the teachings of history or to detract from 
the vital essentiality of sea power as such. Of this sea power, 
the plinth has ever been the ship-of-the-line; I use this old 
term advisedly, because to those who are not students of 
history a more modern appellation suggests the ship-type of 
the moment and not the wider value of meaning that lies 
behind it. The ship-of-the-line is the ship-type of the day which, 
subsequent to the light cempaigning or tip-and-run skirmishing 
of ancillary craft, proves either in action or by the pressure of 
weight in fighting value (''felt"' if not actually ‘‘ used ’’) to 
be the arbiter in the final clearing up. It has varied greatly 
through the years, sometimes a hybrid has evolved, at others 
design has shot off at a tangent—the change from broadside 
to turret is an example of my meaning—yet ever this ship-of- 
the-line has bulked largest to militarists and diplomatists alike 
when war or peace hung in the balance. It has been 
threatened (and, on paper, doomed) many a time—the torpedo, 
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the mine, the submarine have each in turn, according to many 
eminent men, sounded its death knell. Yet it has survived, 
for each threat to its existence has speedily been forced into 
its appointed sphere by the evolution of an effective antidote. 
Indeed, I venture to assert very definitely that, but for the 
introduction of an entirely new factor in warfare, functioning 
in another element, the development of the ship-of-the-line 
would have proceeded as heretofore even though in its outcome 
it possessed the power of submergence—the submersible battle- 
cruiser conjured up by vivid imaginations. 

War has ever been a matter solely of communications—in 
all our history the supreme function of the British fleet has 
been to keep open our own communications whilst endeavouring 
to interrupt or close those of our enemies. The British Army 
13 carried to its battlefronts on the backs of our sailors— 
if they fail and the Army be cut off from its supplies, 
assuredly sooner or later it must accept defeat. So it is 
that our victories, wheresoever gained, very rightly have been 
ascribed to our command of the sea. 

The power of our fleet to maintain our shores inviolate can, 
therefore, be broken in but two ways—defeat by a superior 
naval force or the advent of some other means of attack to 
which the sea presents no barrier. The recent war taught us 
the value of aircraft, and great as were the services they 
rendered then, immense as was the progress shown during the 
four years of conflict, it cannot be said that, judged by results, 
they proved a direct menace to the supreme power of our fleet 
at sea. It is because of the developments since the war that 
a problem has now arisen upon the correct solution of which 
depends the future of our national defence. 

If it can be shown that a fatal blow may be struck at the 
heart of the Empire despite the possession of supremacy at 
sea, the death knell of the fleet as the main factor in our 
national defence has been sunded. The problem, however, 
goes far deeper than a mere decision on this point, and I pause 
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here to deplore the controversy that has arisen, the protagonists 
of which, on the one side, desire nothing but aircraft and the 
immediate abolition of the Navy, and, on the other, desire, 
if aircraft be accepted as of value, that they should become 
merely an ancillary service to the Navy. 

National defence in its wider aspect is not a matter of pride 
of place. It cannot be laid down as an axiom of policy that this 
or that branch or arm of our combative forces must be regarded 
permanently as the senior service; national defence must ever 
be vested in the most modern efficient means of protection or 
attack, and it lies with the Government of the day, after full 
consultation with their expert advisers, to decide the relative 
probable value of each branch and its status in the general 
defensive policy adopted. | 

Developing in parallel with aircraft as a menace to British 
sea power (i.e., our communieations), and perhaps in advance 
of it, we had the submarine; and, however much we may, and 
must, admire the many methods evolved to combat this 
insidious danger, it is well to recall how deadly, and well-nigh 
fatal, was its effect upon our commerce. It was submarine 
warfare that first brought realisation of a very cogent fact, 
namely, that a nation dependent largely upon outside sources 
for the necessities of life might well be starved into submission 
even though its surface squadrons and its armies remained 
unbeaten. | 

Nothing did more to promote aircraft development than 
this submarine menace; and it is of striking note that 
subsequent to the acceptance of aerial escort as an antidote 
to underwater attack, not a single vessel so guarded was sunk. 
If the submarine is a dread menace to surface craft, aircraft 
are an even more dreaded danger to the submarine. 

We thus arrived at this point during the war—that though 
air power could not be said seriously to have affected our naval 
supremacy, it had negatived largely the value of submersible 
vessels, which, in their turn, had endangered the power to 
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keep open our communications between the bases of supply 
and the various seats of war. If, then, there have been sub- 
sequent developments in aircraft suggesting that they are 
assuming a position which, first, is directly menacing to naval 
strength, or, secondly, can ignore its existence by reason of 
the element in which they function, we have the new set of 
facts comprising the problem I have outlined. 

Let us then see briefly how air power has stood at the various 
periods since the commencement of the war. In 1914 the Air 
Service consisted of some four score serviceable machines, 197 
officers, and 1,647 non-commissioned officers and men. Іп 
November, 1918, the personnel had increased to 27,906 officers 
and 263,842 men, and our machines ran into thousands. 
Perhaps the most instructive figures are those of losses; 
from July, 1916, to the date of the armistice 7,908 enemy 
aircraft were brought down, and our own share of allied 
losses amounted to 2,810 missing. These figures suggest 
enormous output, and emphasise the possibilities if pro- 
duction be once entered upon on a larger scale, starting next 
time not from a 1914 position but from a basis comparable to 
the position at the close of the war. 

It will be argued that these aircraft had become and were 
in fact an integral part of the opposing land forces; but as һе 
war progressed two, at least, distinct and perhaps main lines 
of development became apparent, namely, bombers and scouts. 
It would be out of place here to analyse further the divisions 
evolved, such as the fighters, etc. Rather we must concentrate 
on the bombers. From them a direct menace to the Metropolis 
became rapidly apparent; raids were made, seemingly hap- 
hazard to begin with, but growing in danger as their organisation 
erystallised, and our only sound riposte was to develop counter- 
bombers. 

In the raid of 7th July, 1917, 72 bombs were dropped, 
weighing in all 3,600 kilogrammes. On 19th May, 1918, 158 
bombs were dropped on London, weighing about 12 tons in all. 
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These figures are for exceptional raids, and indicate the 
maximum effect obtainable against London by hostile air forces, 
as at that time developed. The bombs dropped averaged 
100 lbs. in weight each, and the heaviest dropped from the air 
did not exceed 600 lbs. In no single month was much more 
than 12 tons dropped on Great Britain, and yet the moral 
effect of these raids was certainly very great indeed. 

How should we fare to-day? Bombs are now carried of 2,000 
and 3,000 lbs. weight for the single projectile, and in the 
U.S.A. and one other country a weight of 4,000 lbs. has been 
reached in practical experiment. I leave it to your imagina- 
tions to conceive the effect on London of a raid by, say, 50 
large bombers each carrying two of these vast lethal weapons. 
It needs no great imagination to envisage the time when, 
fleet or no fleet, London or some considerable portion of it 
might, unless we have developed defensive and counter- 
offensive air forces on a scale commensurate with our 
needs, be annihilated within a few hours of the declaration 
of war. 

Progress is being made, and construction proceeded with both 
here and abroad on a scale quite unrealised. In the case of 
one nation, if war were declared between us, her air squadrons 
already in commission could drop 200 tons of explosives 
on London in the first 24 hours; subsequent to this first 
endeavour, 70 tons of explosive could be released daily on 
our towns and defences, compared with the highest monthly 
total of a dozen tons during the war. One result certainly 
would accrue from hostilities such as these; setting aside the 
moral effect of such ghastly initiatory action, our ''brain"' 
and controlling centres would undoubtedly suffer, and the dis- 
organisation thus caused would repercuss directly upon the 
armies and fleets awaiting guidance from their General Staffs in 
the heart of the Empire. 

This is no place to discuss the probable course of a war 
which commenced in so drastic a fashion, and I am not 


SEA POWER OR AIR FORCE ? 19 


unmindful that for a long time yet no conceivable number of 
aeroplanes could bring a great, virile nation to its knees without 
the help of a large armed force. Here we touch the question 
of transport, and until such time as aircraft can themselves 
effectively attack vessels at sea naval conflict is likely to ensue 
in the endeavour to land the troops and supplies necessary 
for a successful invasion. That any future sea movement of 
importance can be concealed I refuse to believe, and it is 
reasonable to suppose that both sides will be well provided 
with aircraft and their mother-ships, the aircraft carriers. 

Accepting this—and in the field of conjecture all points are 
debatable—the sea engagement would probably in the first 
instance centre around the carrier. Destroy all those belonging 
to one of the combatants, and the menace of its aircraft, as 
far as the sea attack is concerned, is temporarily if not finally 
removed. If this is to prove the naval battle of the future— 
and I can mirror no other course for it to take—whatever the 
subsequent steps in the fight might be, we shall have gone a 
long way already from Jutland or Tsushima. 

If there is to be a clash of capital ships, the prospect of a 
successful bomb or torpedo attack against them from the air 
must be further considered. The number of moving vessels 
hitherto sunk by torpedo whilst in evolution is negligible when 
regard is paid to the enormous total of projectiles fired. 
Whether by direct hits from the air we may anticipate greater 
success 18 a matter of opinion, but the appearance of a contact 
bomb weighing 4,000 lbs. is not encouraging, taken in con- 
junction with the progress now being made in gliding, a point to 
be touched on later. In this regard it is of interest to note 
that in an aerial attack two months ago on an American 
battleship six hits were registered out of a total of nine bombs 
dropped. | 

In this country a public display, intended to test the 
potentiality of aircraft against surface vessels, was carried out 
on H.M.S. “ Agamemnon,” and I take the following extracts 
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from an article on the experiment by a well-known naval 
critic : — 

“ One very obvious result of the day's tests was а change 
in the opinions of many of the civilian commentators. 
They had come prepared to see the aircraft annihilate the 
battleship with one salvo. They found themselves, at the 
end of the day, very doubtful whether the aeroplane was 
quite the omnipotent weapon they had imagined it to Бе.” 


And then went on:— 


“Те general results of the tests showed that aircraft 
аге a new menace calling for new counter-methods.”’ 


But what were these attacks? In two of the three series 
arranged they were carried out by light craft—Snipes in the 
one case and Camels in the other. The bombs, 280 of which 
were dropped, were dummy nine-pounders filled with chemicals 
which emitted a cloud of smoke on contact. The Handley- 
Page bombers, flying at 8,000 feet, scored only nine direct hits 
out of over 200 bombs dropped, but the correspondent quoted 
above says:— 


“Tt must be admitted, frankly, that most of the falls 
that could be seen by us were near enough to justify the 
assertion that none of the shooting was wild.’ 


But what of the smaller aircraft, the Snipes? He writes:— 


“Тһе point-blank range attack by Snipes was by far 
the most instructive of the operations. Four machines 
took part in the attack, each carrying twelve of the dummy 
bombs. They advanced against the ship from ahead, and 
dropped two bombs each as they swept aft. Then two 
attacked from astern, while two others swooped round and 
crossed and re-crossed athwartships. One of these latter 
machines scored the only misses that we observed, the last 
three bombs dropped falling into the sea just off the star- 
board side. Three misses out of 48 bombs dropped! There 
is food for thought! "' 
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May I offer this possibility for serious consideration. А 
nation might well find itself involved in conflict with a power 
whose sea superiority lay in the possession of, say, six more 
vessels-of-the-line than she herself could dispose of. Assuming 
considerable air forces on either side, would not almost any 
sacrifice be worth while to level up the fighting forces? Might 
not the loss of one hundred, two hundred, or even five hundred 
aeroplanes or seaplanes be more than compensated by the 
destruction or disablement of six or possibly seven of the hostile 
battleships? 

If this be accepted, we are well advanced towards admitting 
the further vital fact that the air has become and will 
increasingly become a vivid menace to sea power. Where is 
the answer to this danger? It does not lie in greater dis- 
placement, armoured decks, or powers of submergence, the 
counsel of perfection is to maintain the same command of the 
air that hitherto in our national defence we have maintained 
on the sea. 

Admit that precision in hitting is for the moment question- 
able; methods of attack immature; even aircraft themselves 
very undependable; all these things will tend to betterment, 
and that in great leaps of progressive evolution. Soon the bird- 
sense will join with the aviator's mechanical skill, and give 
him distance of flight by gliding with reduced mechanical pov er, 
and, therefore, a lesser weight of engine and a lessened fuel 
charge. We must not scoff at this; we may be far off it, but, 
far or near, as an evolution it is inevitable, and, associated 
with our present knowledge, makes the prospect of the future 
for the sea service somewhat dismal. 

I have not forgotten that a large part of our national duty 
lies in “ showing the Нас”; nor do I see flights of aircraft 
escorting convoys of supply ships from Pernambuco to 
Plymouth, yet here I repeat that the supersession of the Navy 
by the Air Force as our first line of deicnce, if it is to be, does 
not imply the abolition of the sea-going ship, either naval or 
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commercial. We must in all these considerations maintain an 
even balance of thought, and whilst not excluding possibilities, 
at least prepare for probabilities. 

In my humble judgment, the present situation may be 
summed up thus: We are passing through a period of transition 
when it would be as foolish to neglect the ficet as it would be 
to ignore the potentialities and progress of aviation; and more 
and more, quite inevitably, must the scales be weighted in 
favour of air service against sea service until the main protection 
of our national interests shall have been transferred from the 
trident into the keeping of the Royal Air Service. 


Discussion. 


Admiral Sir Cyprian A. G. BRIDGE, G.C.B.: The Institu- 
tion has paid me the compliment (which I appreciate very 
highly) of inviting me to take part in the discussion on 
Col. Sir Alan Burgoyne’s paper. Ая, chiefly owing to 
reasons connected with Anno Domini, this is not possible 
in person, the Secretary has courteously intimated to me 
that the Institution would be pleased to receive any remarks 
that I might feel disposed to make on the paper. 

At the outset I presume to say that Sir Alan Burgoyne 
has performed a valuable publie service in calling attention 
to the case of air defence. The country seems to me to be 
far from adequately alive to the possibilities, and even to the 
probabilities, of war in the air. Few of us have recognised 
the fact that not only & novel arm has been devised, but 
that a new element also is involved in the warfare of the, by 
no means, distant future. 

It is a pleasure to me to find myself in agreement with 
most of the views which Sir Alan Burgoyne holds. His state. 
ments of fact and his quotation of recorded experiments are 
as far as my knowledge goes, accurate as well as interesting. 
It is natural that early in the paper he should refer to our 
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instrument it was virtually a novelty, earlier trials of it having 
been primitive as to form and conception of its characteristics, 
and limited as to its sphere of employment. It is, I humbly 
confess, my firm conviction, arrived at after much study of 
the matter and careful consideration of the cireumstances, that, 
if the right methods of defence are used against it, the sub- 
marine is a bugbear. If the war proved anything, it proved 
this: That the best defence against the submarine was that 
of persistently and unrelentingly hunting and attacking her. 
She would then be too much occupied in looking after her own 
safety to do much harm. It is only the story of the fox over 
again; when the hounds are hunting him he leaves the hen- 
roosts alone. . When, in 1917, we adopted the tactics of 
vigorously hunting down submarines and attacking them, though 
there were more of them than ever, they became continuously 
less and less dangerous. This reference to submarines is not 
really a digression; it is germane to the subject of Sir Alan 
Burgoyne's paper; and he himself states plainly in a 
special paragraph the dread felt by the submarine for 
aircraft. 

In the paper are given accounts of the numbers of explosive 
bombs dropped by hostile aircraft on our cities during the 
war, and the amount of damage done. We are also told how 
immensely the air-bomb has of late been increased in power. 
It may be accepted without hesitation that, if an enemy's 
aircraft are allowed to reach points in this country, or indeed 
in any other, at which bombs can be dropped on important 
sites, very great loss of human lives and material property will 
follow. There will, probably, be considerable '' moral, effect,” 
as it is called. What we have got to do is to produce the 
moral effect on the crews of the hostile aircraft and on those 
who sent them. It is a repetition of the case of the fox and 
the henroosts. Hunt for and attack the would-be bombers or 
make them believe that they will be attacked. and they will 
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be chiefly, perhaps entirely, occupied in seeing to their own 


security. 

Experiments in bomb dropping, such’ аз Sir Alan describes 
in his paper, are instructive; but they will inevitably be mis- 
leading if we fail to note the conditions under which they 
have been carried out. They are exactly like artillery experi- 
ments against armour plates. Everything is arranged to be 
in favour of the material element in the trial. Does anyone 
who considers the matter really suppose that if, in the experi- 
ment reported, the ‘‘ Agamemnon ” had been supported by a 
squadron of aircraft with crews armed only with pea-shooters 
and ordered to use them industriously against the bombers, 
the Snipes or the Camels would have made anything like the 
number of hits credited to them? The value.of experiments 
of the kind, like that of the armour-plate experiments above 
alluded to, is that they are frequently able to convey informa- 
tion, a knowledge of which may aid manufacture; but they 
should always be regarded as of quite minor importance with 
respect to tactics. Absorption in contemplation of the merits 
of material is almost certain to lead to the adoption of ineffec- 
tive methods. There is eternal truth in Admiral Farragut’s 
dictum—‘* The best armour is the return бге.” 

In all ages offensive defence has proved to be of efficiency 
superior to merely passive defence. 1% is extraordinary, con- 
sidering the tens, nay, hundreds, of thousands of boys who 
have had “Тһе tale of Troy divine ’’ beaten into them at 
school, that belief in the superiority of the offensive is not 
universal. If we are to credit the poets, our only authorities, 
the Trojans successfully defended their city, not by manning 
its walls, but by advancing into the open to fight with their 
foes. They were thus able to hold out against numerically 
stronger forces for ten years, Troy eventually falling through 
guile and treachery. It would follow from due consideration 
of all the cireumstances that we can only hope to defend this 
country against attacks from the air by resolutely attacking 
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of success we must have air forces of great numerical strength. 
It seems a pity that members of the air personnel should, as 
is were, try to run before they can walk. Would it not be 
well to leave aside spectacular attempts to cross great oceans 
or lofty mountain ranges until we have fully provided for the 
safety of the relatively narrow zone that constitutes the prac- 
tical protecting area of this country? 

That aircraft will occupy an important place in naval war- 
fare may be taken as certain. It has been already seen what 
great help they were in suppressing hostile submarines. They 
may, if properly used, give to fleets or even single ships the 
same adequate defence against an enemy’s aircraft that our 
destroyers (or anti-torpedo craft) gave to our fleet against an 
enemy’s torpedoes. 

I confess to being strongly on the side of those who hold 
that the Navy should have its own air force. No one through- 
out a long history advocated that the gun armament of our 
ships should not be under the Navy and under no one else, yet 
afloat we used guns of the same nature as those assigned to 
the artillery—whether field or fortress—on shore. The naval 
history of Great Britain for three centuries has established 
beyond question the soundness of the arrangement which we 
had adopted, and the principle of which as regards the air it 
would be certainly venturesome, and perhaps hazardous, to 
abandon. 

Admiral The Hon. Sir E. В. FREMANTLE, G.C.B., C.M.G.: 
This is in my opinion an admirable paper; the writer, while 
holding that in the future, to use his own words, '' the main 
protection of our national interests shall have been transferred 
from the trident into the keeping of the Royal Air Service,’’ 
does not presume, as so many reformers have done, to say 
“scrap the Navy and bank on the air.” 

He may be right in the distant future, but we can leave 
that to our futurists, who are quite as ready to commit follies 


s” 
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in endeavouring to look too far ahead as a bigoted conservative 
is to ignore changes and to cling to obsolete weapons. Of 
this we have had a lesson in Admiral Aube, at that time 
Minister of Marine in France, and the enthusiasm of Mr. 
Gabriel Charmes for the torpedo boat in the eighties, which 
resulted in the suspension of battleship building in that country ; 
an example we fortunately did not follow in Britain. — Sir 
Alan does not fall into this mistake, and though, as he sees, 
the battleship of to-day may be obsolete, his definition of the 
future battleship as the plinth of sea power is decidedly good, 
as some foundation afloat for a navy will assuredly be 
necessary. 

I must now attempt to deal with possible air attacks and 
Sir Alan's reference to the submarine menace. Let us 
take first the defence of the communications, which he rightly 
points out to be the crux of the problem as far as Great Britain 
is concerned. I may say a few words on the wholesale attack 
on our cities presently. He attributes too much to the acro- 
plane defence of ships when he says that '' subsequent to the 
acceptance of aerial escort as an antidote to underwater attack, 
not a single vessel so guarded was sunk.” That it was of great 
value is not to be denied, but it is claiming too much to 
assume that an air escort was all that was required, or that 
it could always be made available regardless of weather or 
distance from a base. But this is mild compared to the claims 
of “© serap the lot '' of Lord Fisher, or Sir Perey Scott's picture 
of an ''insignificant vessel'' sending off aeroplanes to attack 
battleships 100 miles off, presuming no doubt on the ignorance 
of readers of the ‘‘Times’’ who have not heard of the 
Washington Conference agreement that °“ aircraft carriers 
should not exceed 35,000 tons." Indeed, in the attempt to 
queer the Admiralty pitch when ordering two new battleships, 
endeavour has been made to ignore the expense of any new 
arm, and as a reductio ad absurdum the Navy League last 
year recommended that а navy should be composed of '' ships 
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for almost any futurist. This particular navy, I may add, has 
now died a natural death. 

But Sir Alan has given us some concrete facts speaking 
of possible bombers which are serious enough, though he does 
not speak of poison gas or other wholesale methods -of 
destruction; but he shows the progress which has been made 
and is being made both here and abroad on a scale quite 
unrealised, and in giving American and our own experience he 
says: '' How should we fare to-day?’’ Bombs used in these 
experiments were of 2,000 or 3,000 lbs. weight! Probably 
they may reach 4,000 lbs. in the next trials. He rather 
exaggerates, however, the success obtained, especially in the 
case of the American trials, as the ship attacked was not in 
movement, though she was eventually destroyed. There is 
one point on which he lays great stress, namely, the 
necessity for aircraft carriers. We have only one at present, 
and for attacks on ships, aeroplanes would in most cases have 
to be flown from aircraft carriers, and the position of these huge 
vessels of '' not more than 35,000 tons’’ could in most cases 
be easily ascertained and attacked. 

And here we trench on a subject not referred to by Sir Alan, 
namely, that of expense. Go-ahead writers with an axe to grind 
are too apt to assume that an aircraft policy would Те neces- 
sarily a cheap one, but if, and when, it is taken up in earnest it 
will be found to make as great a demand on the Estimates 
as the battleships which aircraft are expected to supersede. 
‘Sir Alan, we may observe, has judiciously declined to give any 
estimate of comparative costs, though that is a secondary 
matter. From the above it is evident that only a first-class 
power would attempt a war in the air against this country, 
and we may leave out America as too far distant, while we 
may hope that a war with France is unthinkable. Some people 
have an idea that aeroplanes and airships built in Germany 
for mercantile purposes could easily be fitted as bombers, but 
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I was glad to hear recently from such an excellent authority 


as Lord Weir that such converted aircraft would probably be 
as useful as would have been a '' Lusitania '' at Jutland. А 
word may be said about ''showing the flag," which is 
rather a derogatory way of putting the fact that a show of 
force is often the best way of averting trouble, and that it 
would be difficult to attain similar results through underwater 
or air weapons. At this moment I believe that we have 63 
ships of all classes in near Eastern waters to which Sir Charles 
Harington recently called the attention of the Turkish repre- 
sentatives during the Mudania discussion, and I much doubt 
if & similar number of aircraft and submarines would have 
given equal weight to the General's argument. 

One word more about naval control of its own air service. 
If the Navy is to be efficient, it must have sole control of 
the aircraft attached to it, which no doubt would be in close 
touch with an Air Ministry, but experiments afloat must be 
ordered, conducted, and carried out under the Admiralty. If 
they grow up together and Sir Alan’s forecast is to come true, 
the Admiralty may gradually become a Naval Air rather than 
a Naval Sea Service. 

Mr. G. S. BAKER, O.B.E.: No paper of this kind can be 
read without a little thought. The ''sea sense’’ is a thing 
that most Englishmen inherit from their forbears, and this is 
one good reason, quite apart from all national considerations, 
why Englishmen wish and strive to keep the sea free. Added 
to this is the potent fact that a large portion of our food is 
at present transported to us. Transport is a thing that varies 
from time to time, and whilst food must be carried to us we 
must command the transport, whether it is by air, by water, 
or by the two working together. If that were the only con- 
sideration, one would have to weigh the cost of securing this 
end against the cost of producing our own food. During the 
war we went a great way towards the latter, and with a little 
more national spirit it could be done. But apart from this is the 
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the common end of all humanity, a better world, must take 
part in that control necessary to maintain peace, and the only 
control that will be listened to by a nation out of hand is a 
weapon superior to its own. At present neither the air force 
nor the sea force can do without each other. For how long 
this will continue is the really potent question, and 
with that is wrapped up the difficult problem of transport in 
bulk by air. i 

The recent French manœuvres showed that on a small scale 
troops can be transported in this way, and, if this is the thin 
edge of the wedge, it undoubtedly means that the necessity 
for sea control is beginning to diminish and to be supplanted 
by the power to transport by air. But not until that transport 
can entirely supplant sea transport can we afford to give up sea 
control, and we come back to the question of how long will it be 
before bulk transport by air will be achieved. Carrying a few 
thousand pounds on the “tip and run ” principle, as in the 
“* Agamemnon ” trials, is not the thing at all. Obviously this 
will only come slowly. The source of power even for such 
work is not yet to hand, and a head resistance of one-eighth 
the load carried is a formidable obstacle. The great problem 
of settling on land with heavy weights—unless we take to the 
use of flying boats—remains almost untouched; for all heavy 
land machines must have a prepared surface to settle on with 
safety. | 

These air problems are very formidable, and whilst they are 
being solved, maybe other means of making war will be 
evolved, but in the meantime it is not a question of sea or 
air, but sea and air. To transport 5,000 lbs. by air at present 
requires a machine of about 12,000 lbs. weight with a crew 
of five people, and involving very high financial outlay in 
first cost and maintenance. It would be interesting if the 
author in replying would dwell a little on this financial aspeet, 
and compare the present possibilities of transporting in bulk 
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by sea and air and its cost. The figures would compel 
attention. 

Admiral Sir REGINALD H. Bacon, K.C.B., K.C.V.O., 
D.S.O.: With the majority of Sir Alan Burgoyne’s remarks 
I am in agreement, but I would like to call attention to the 
fact that he has fallen into the not uncommon error of neglect- 
ing to assess the defence given by aircraft against attack by 
aircraft. The greatest lesson, to my mind, which was taught 
by the late war was that a successful method of defence was 
devised against the attack of all the new weapons of war. 

In the old days the line-of-battleship was superior to all 
other vessels and could defend itself against all forms of 
attack. The torpedo robbed the battleship of this particular 
attribute, but in late years this weak spot in the supremacy 
of the capital ship has been remedied by alloting destroyers 
to her to attack and drive off the torpedo-carrying vessels that 
threaten her existence. The same principle applies to aircraft. 
If aircraft are found to threaten the existence of the capital 
ship, then aircraft protection will assuredly be supplied, and 
the aeroplane will be numbered among the auxiliary craft now 
so necessary for the existence of а battle-fleet. 

Sir Alan offers for serious consideration the case of a country 
inferior in capital ships arriving at an equality by an air attack 
on the larger fleet; but what would the country with the larger 
fleet be doing? Why would the enemy’s fleet not in turn be 
attacked and their numbers reduced? What would the air patrols 
of the stronger fleet be doing, and why would they not assist in 
warding off the attack? The problem presented is analogous to 
anyone offering for serious consideration the attack on a battle- 
fleet by destroyers, and showing on paper that half the line 
of battle must be hit by torpedoes. What about the destroyers 
accompanying that fleet? Why are they supposed to have 
done nothing—neither to have repelled the attack or counter- 
attacked with a success equal to that of the opposing 
destroyers? The one predominating difficulty in the assess- 
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ment of air problems, and in fact of all war problems, is that 


attacks can never be seriously made or repelled in peace time. 
Supposition is bound to hold the field since realism is non- 
existent. Lives cannot be sacrificed merely to gain experience 
in time of peace. For this reason the advocate of attack will 
continue to argue ad infinitum with the apostle of defence, and 
merely words but never experience can result. 

Sir Alan predicts that the custody of our national interests 
will in the end be transferred from the Navy to the Royal Air 
Force. He may be correct, but then, on the other hand, he 
may not be. At present we can only say with certainty that 
some of our interests are best guarded by the Navy and others 
by the Royal Air Force. We cannot foresee what inventions 
may be evolved to alter the balance of value of these two 
forces of defence. Let me remind you of the history of the 
‘struggle for supremacy between guns and armour. In 1850 
the advocate of the gun might well have prophesied that the 
gun was bound to defeat armour, since that weapon appeared 
to have before it an almost unlimited field of development, 
whereas thickness in armour must be limited by the flotation 
afforded by the ship. But speed came along, adding distance 
to armour protection, and consequently counter-balanced the 
increase in penetration due to improvements in the gun. Speed 
proved to be a double-edged weapon, and speed on the side of 
the gun gave back its superiority. The torpedo, however, was 
evolved, and gradually forced fleets further and further apart, 
once more annulling the increase in efficiency of gun power. 
Who in 1850 could have foreseen the far-reaching effect of the 
torpedo on gun fire? Let us be humble and refrain from futile 
prophecies, which cannot affect the future and merely create 
a bias which clouds clear thinking while studying the problems 
of the present day. 

Admiral Sir Percy Scott, K.C.B., K.C.V.O.: Battleships 
have survived, because against their various enemies some 
people think an effective antidote has been found. The oniy 
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antidote against torpedo night attack by either fast torpedo- 
boats or submarines is to shut the battleships up in a safe 
harbour. Night firing as a defence may be ignored. 

Who desires nothing but aircraft and the abolition of the 
Navy? I have never suggested it; I have only advocated not 
building any more battleships. In future naval war, the aim 
should be to destroy an enemy fleet's aircraft, then destroy that 
fleet by aircraft. Why are we in a state of transition? I con- 
sider that most thinking naval officers agree that this state has 
been or ought to have been passed, that aircraft are not an 
ancilary part of the Navy, but the Navy's most vital arm as 
regards naval warfare, either offensive or defensive. 

An aeroplane carrier, as it has no guns and no armour, ean 

be of higher speed than any other craft; it can be attacked by 
. nothing (except by aircraft) as it can run away; it fears no 
fleet, but every fleet fears it. We still want a Navy, but its 
composition and strength will not be measured as it was by 
ships-of-the-line, but by aeroplane carriers, air force, light and 
very fast cruisers, and torpedo-boat destroyers. 

Why is the title of the paper '' Sea Power or Air Force’’? 
Sea power cannot exist without air force. If we wish to rule 
the waves we must rule the air. The paper should,.in my 
opinion, be entitled '' Sea and Air Power’’ (or Force). 
With the present state of taxation it is wicked even to 
mention spending 20 millions on two more battleships that we 
do not want. If the expenditure is to give employment, why 
not have something useful, say, a canal across Scotland? 

Admiral Sir W. REGINALD HarL, K.C.M.G., C.B.: Sir Alaa 
Burgoyne says that '' defence has ever bulked larger than 
offence." Yet we have adhered to the capture of private pro- 
perty at sea—offence—although we could, by agreeing to aboli- 
tion of capture, procure the security of our trade. Why? Be- 
cause the capture of property is an essential measure of offence. 
It is our means of forcing an enemy to peace. It is the way in 
which we bring pressure upon an enemy, and have done so 
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appears ignorant of this elemental fact in strategy. We can 
bring pressure by ships; we cannot by aircraft. 

“То be the arbiter in the final clearing ар.” The sentence 
in which this quotation appears is very nearly meaningless—at 
least, all that part of it about the '' campaigning or tip and 
run skirmishing.’’ It does not, however, in so far as it means 
anything, represent the facts of any war in which we have ever 
been engaged. It is pure imagination, as remote from facts 
as it is from Mars. He refers to the change from broadside to 
. turret ships being a case of a design '' shot off at a tangent ’’; it 
is nothing of the sort. It is a mere question of arrangement of 
guns. А turret ship developed the maximum broadside fire; 
the detail as to whether the guns were behind a sheet of side 
armour or grouped singly or in pairs in a tower with circular 
armour is immaterial. 

The second paragraph of the paper appears, from the con- 
text, to refer solely to military communications. Economic 
communications are of greater importance to us. The wars 
we have fought have mainly hinged upon the pressure the Navy 
can exercise by cutting economic communications, not upon her 
military strength, which has always been a subordinate factor. 

Sir Alan assumes without a word of proof that aircraft are 
а menace to sea power. It requires to be shown that they are. 
How can aircraft menace shipping? They can attack shipping, 
if it passes near enough to their bases; but they can only attack 
it (1) by bombing or (2) by torpedo. They cannot visit and 
search. They can only behave as the German submarines be- 
haved. If they do this they will, just as the German submarines 
did, sink neutrals, and will bring neutrals against them. 
Further, the world has agreed at Washington that submarines 
shall not attack trade in that manner. Is it to be supposed that 
aircraft are to be allowed any more liberty than the submarine? 
Moreover, is it not our duty, in our own interest, to do every- 
кш our power to prevent the use of aircraft in this manner? 
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deliberately injuring British interests. They do it from 
ignorance, of course ; but that does not excuse them, or diminish 
the injury. Any development that assists sporadic warfare is 
contrary to British interests—e.g., the submarine. I do not 
deny that in certain places aircraft can attack shipping effectu- 
ally: but I say we are fools if we do not bring the question 
to the test of a conference and impose on aircraft, as we have 
on submarines, the obligation to visit and search. When that 
is done their powers of injury will ke very small. 

The reference to aerial escort is most misleading. The infer- 
ence to be drawn from it is that aircraft escorts reduced the 
injury from, and were a capital factor in checking, the sub- 
marine. As a matter of actual fact, aircraft escorts were used 
in a very small proportion of outward convoys and only within 
a very limited area near the terminals. Sir Alan does not seem 
to have read Mr Appleyard’s reply to Mark Kerr. Не repeats 
Kerr’s fables, and most improperly gives his audience an 
utterly inaccurate impression of the real facts, and in stating 
that ‘‘aircraft are even a more dreaded danger to the sub- 
тагіпе,” he is drawing on his imagination. I have spoken to 
many submarine officers who worked in the Heligoland Bight, 
and one and all said aircraft were nothing more than an 
annoyance. 

That aircraft “© negatived largely the value of submersible 
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vessels," is pure imagination. Аз I have shown above, their 
influence on convoys was very limited indeed, within a very 
confined area; and as to their influence in patrolling, it was 
negligible, if measured in terms of the numbers of submarines 
sunk by them. They flew hundreds of thousands of miles to 
sight a submarine, and far more to sink them. Very few sub- 
marines were sunk by aircraft—actually nine out of 207. And 
to do this they had to fly over siz million miles. How cheap! 
Our own aircraft did occasionally hamper our own submarines 
by attacking them, and on one occasion claimed to have sunk 
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duce these results no less than 489 aeroplanes were in use on 
an average daily. These facts invalidate the whole of Sir Alan’s 
conclusions on this point. 

As to raids on London—what damage did they do? I agree 
we require some sort of defence against this form of raid on 
residential centres—a form of war we considered utterly illegiti- 
mate, but now under the influence of airmen we appear to con- 
sider perfectly proper. But this defence can be local. Let it 
be further pointed out that there are only two nations within 
such reach of us as to be able to do us this injury by air— 
France and Germany. France is an ally. Germany for the 
present is out of it. But there are all the other nations of the 
world who are able to injure us at sea. Are we to remove our 
sea forces, which can defend us against starvation by all the 
Powers of the world, in order to defend ourselves against a 
possible attack by one or two Powers, one our friend, the other 
in no condition for many years to go to war? It is lunacy. If 
we are going to build up an air force capable of maintaining 
what is called “ command of the air,” we cannot at the same 
time afford à navy to command our trade routes. We may 
make London secure, and be able to murder non-combatants in 
Paris and Berlin, but we shall not be able to keep the trade 
going that brings the food we live upon. | 

Both sides in conflict will be well guarded with aireraft 
carriers. The Washington Conference restricts them. Certainly, 
more may be built in war, but the capacity of aircraft carriers 
is small. There must be several of them. Each needs escort 
to defend it against submarines—its own aircraft cannot per- 
form escort duty, nor, if they could, would they be effective. 
That in itself calls for numbers of surface vessels. Sir Alan ean 
“© mirror no other course '" a naval engagement would take 
than centering round a struggle to destroy the aireraft. I 
suggest that if he is not able to mirror any other course his 
knowledge of sea tacties is insufficient to entitle him to express 
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ап opinion on the matter. To base fitting results upon experi- 
ments against tie ““Agamemnon " is absurd, It is one thing to 
fire at a stationary vessel, which docs not fire back; it is quite 
another to fire at a ship going from 20 to 27 knots and making 
use of anti-aircraft artillery, which, though it may not make 
many hits, has a disconcerting cffeet upon the attackers, 
whether they are in torpedo boats or aircraft—as all experi- 
enced men know.  '' Point-blonk ” range is very pretty in peace 
practice. It is less common in war.” 

Then Sir Alan proceeds to contradict all his earlier arguments. 
The loss of 500 aeroplanes is amply compensated for by the 
disablement of six or seven battleships. Does not this point 
t the battleship being rather a useful instrument—more useful 
than he makes out? Не does not seem to understand that air- 
eraft are capable only of operating within a limited range from 
a base, and of keeping the air for a limited time. Naval 
war—the control of sea communications—requires operations 
very far from bases and for long periods. It is quite possible 
when we have '' transferred the trident ’’ to the Air Service, for 
an enemy to proceed, by means of ships, to intercept our trade 
out of reach of aircraft. He says it does not imply the aboli- 
tion of the surface ship: but his arguments, if pursued to their 
logieal end upon their false premises, most certainly lead to 
that conclusion. 

No one denies the potentialities of aireraft—coertainly no опе in 
the Admiralty. They recognise them fully ; and because thoy re- 
cognise them they require to direct their use, to have their own 
control of the aircraft working under a fleet, or with the Navy; 
to ensure that they are not wasted on futile flying, and that the 
Navy has enough of them manned by officers who know the sea, 
who know what ships are, who are accustomed to work in com- 
pany with them, to do the duty of rceonnaissance, spotting, 
torpedo firing, and any other function for which they are suitable. 
Із is for the tactician who commands the fleet to decide how 
aireraft shall be used; they must be armed according to his 


т “ығ... m — mo m — a a = 


c M — a: —PH— € ——üÀ—PaaÓQ— — P À—À ш 


SEA POWER OR AIR FORCE ? 37 
Admiral Sir W. Reginald Hall, К.С.М.С., С.В. 
tactical ideas, trained to his tactical ideas. This can only be 


done efficiently if the Navy has its own officers and air service. 
So, too, is it only possible effectively to attack or protect trade 
if all vessels, surface or air, employed on the task, are under 
one command. 

Admiral Sir W. А. D. AcraNp, Bart., C.V.O.: I have had 
no experience at sea with aircraft, and, therefore, am not com- 
petent to express an opinion. I never like to prophesy about 
"the capabilities of new inventions, but at present I see no 
reason to suppose that aircraft are likely to drive the capital 
ship off the sea in the near future. 

We must have capital ships of some dimensions, and I wish 
that the limit (35,000 tons) for new vessels had been fixed 
at the Washington Conference at a much lower level, say, 
15,000 tons. In the main I agree with Sir Alan Burgoyne, 
but I do not agree with the last lines of the final paragraph, 
which says, as I understand it, that the main protection of 
the Empire should be transferred into the keeping of the Royal 
Air Service. 

Prof. B. MELVILL Jones, A.F.C.: I have read Sir Alan 
Durgoyne's paper with interest, and am in complete agree- 
ment with the views expressed therein, and especially with 
the last paragraph. It appears to me to be obvious that the 
rapid development of aeronauties, although it may ultimately 
prove to be the greatest single factor for peace, will in its 
earlier stages involve very great danger to the peace of the 
world, and partieularly to our position in the world. The 
danger lies, I think, in the fact that, with little further develop- 
ment than has been reached at present, it is easily conceivable 
that a comparatively small and inexpensive air force might 
suddenly attack and hold to ransom a nation insufficiently 
protected in the air, and this despite almost any degree of 
superiority in land and sea forces. 

My own war experience, in connection with experimenta] 
work on armaments carried out by the Royal Air Force, has 
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led me to two conclusions, firstly, that it is impossible to 
counter attacks by air except in the air itself, i.e., that defences 
operated from the ground are almost useless; and, secondly, 
that we are still sufficiently far from finality in aircraft develop- 
ment to allow of very great disparity in numbers being 
completely neutralised by superiority in technical development. 
Both these conclusions favour the possibility of a relatively 
small and financially poor organisation making a successful bid 
for, at least, temporary dominance of very much larger com- | 
binations. So far as I can see, the only action that can be 
taken to prevent such an occurrence is for the larger, and 
presumably peace desiring, nations to see to it that they 
possess a sufficiently large and, above all, sufficiently up-to- 
date air force to make even the attempt at such a gamble 
unthinkable. It needs emphasis that mere size of air force, 
without technical development up to the highest that is pos- 
sible in the existing state of knowledge, would be of little 
value. For a pilot of war experience, it is only necessary to 
think of a fleet of 1,000 B.E.'s attacked by 100 Bristol 
Fighters to bring home this idea thoroughly. The difference 
between these machines represents the result of only about 
two-and-a-half years’ development; I can conceive in, say, 
ten years' time, differences nearly as great as this between 
the fighting power of machines belonging to nations that have 
made an intensive study of air war and the machines of those 
that have not. It must be remembered that in the last war 
there was never any very great disparity between the technical 
development of ihe opposing sides, so that we possess no 
experience of war on a large scale under such conditions. 
Turning to the question of the direct attack by aircraft on 
ships, I believe, myself, that it will soon be impossible for a 
large ship to avoid being hit by a determined enemy possessing 
a large number of torpedo-carrying aeroplanes. One natural 
method of attack would be for the torpedo plane to choose a 
time when the sun is at a convenient elevation and glide at 


SEA POWER OR AIR FORCE ? 39 
Prof. В. Мау Jones, A.F.C, 
a steep angle from a considerable height with the sun directly 


at the back. This was the method almost always adopted 
during the war, in starting attacks in fights between aircraft ; 
even in the clear air at great heights, the surprise effected in 
this way was often extraordinarily complete. In the misty 
conditions that often occur at low altitudes, where the area of 
the sky blinded by the sun is considerably greater, I believe 
that attacks could be pushed to within less than a mile before 
being discovered, i.e., less than half-a-minute would elapse 
between the discovery of the attack and the delivery of the 
torpedo. Again, with low clouds about, the aeroplane has an 
ideal hiding ground which it can use almost up to the moment 
of attack. | 

I know nothing of what developments there may have been 
in anti-aircraft gunnery since the war, but it was certainly 
found, in the war, that nothing heavier than the machine gun 
was of much use in countering close-range aeroplane attacks, 
owing to the difficully of rotating heavier weapons fast enough 
to follow the manceuvres; also it was found extraordinarily 
dificult to arrange methods of sighting that would allow 
for any but the roughest estimates of the speed of the target, 
and an enormous number of shots had to be fired to secure a 
hit; firing at more than quarter-mile range was for this reason 
considered to be practically useless. 

Captain P. D. Actanp: I am most deeply impressed by the 
very able manner in which Sir Alan Burgoyne has presented 
what is a very difficult problem, for one has seen the issue 
confused on many occasions owing to conflicting political 
aspects, which, of course, in a matter of this kind is 
undesirable. 

To persons, such as myself, whose chief interest is in air- 
craft, the first consideration in matters of defence appears to 
be: Do we or do we not require this new arm? If the answer 
is in the affirmative, then we want to see aircraft used by all 
branches of the service, and this is a point which I consider 
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a most opportune moment. 

Although it is really not my business, the point which 
causes me the greatest concern at the present time is the 
political aspect, and I do feel that until and unless this 18 
satisfactorily settled by a definite policy which will be 
unchanged for a period of years, the growth and development 
of aircraft is bound to suffer—constructive work cannot be 
carried out in circumstances of constant change and un- 
certainty. 

Another point which is being advocated in many places is 
the future supply of aircraft to meet the needs cf a force 
which, according to Mr. Lloyd George's statement in the 
House of Commons at the end of last session, is to be 
expanded. It is considered by many experts that this should 
be earried out on similar lines to those employed in connection 
with naval programmes, namely, a policy should be laid down 
covering a certain number of years' work, progress, and expan- 
sion, a certain sum of money being voted for this purpose, 
to be spread over a period. In this way continuity of manu- 
facture would be achieved, which at present is not the case, 
work being carried on from day to day in a most unsatisfactory 
and uneconomical manner. 

Commodore Tur MARQUIS or GRAHAM, С.В. C.V.O. 
(Associate): Depending still as we must on the Navy for cur 
national security, it is well to recognise the potential power of 
an air force. The only practical way of dealing with attack 
from the air is by meeting it in the air; and to do this success- 
fully the Navy must have an air force, and one accustomed to 
manceuvring with fleets at sea. At present there is very little 
combination between the Navy and the Air Гогсе, and combined 
tactics are few and far between. With the tendency in defence 
bearing in favour of air, I consider we ought to spend our 
money in building modern well-equipped aircraft carriers, 
rather than battleships only—mark the ''only." I mean, 
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might be spent on new ships unconnected with the air; but 
two-thirds at least should go on craft in connection with the 
air, until our flect is fully provided with ample means for air 
defence or attack. 

I would much like to see a flotilla or squadron of aircraft 
under command of an admiral or commodore, in the same 
way as light cruisers or torpedo-boat destroyers are now. This 
flotilla would work under the orders of the Commander-in-Chief 
of the Fleet, and take part in all manceuvres or operations, 
and be manned by officers and men of the Royal Navy, but 
specialised in “‘air’’ in the same way that they are now in 
gunnery, torpedo, engineering, etc. All the present first-class 
aircraft carriers are converted vessels, i.e., not really built or 
designed for their purpose. I have the honour to be the 
original designer of the aircraft carrier '' Argus," but must 
confess when I saw her at sea she resembled nothing so much 
as the Isle of Arran broken loose and gone adrift, and not like 
the ideal ship of a naval designer, a '' thing of beauty and a 
joy for ever." We could do better now, and fashion something 
likely to be more useful from the point of view of the air and 
the fleet, if only we had the chance. 

Engineer-Captain W. Охүох, М.У.О., В.М. (Member 
of Council): As a retired naval officer, I should like to express 
my best thanks to Sir Alan Durgoyne for coming here and 
giving us such clear views on these very vital questions. This 
country lives by the sca—the sea is Britain’s heritage—and 
unless we intend to sacrifice all our Colonies, and at the same 
time become a third-class power, the Navy must be kept as 
our first line of defence. At the same time we must keep a 
sufficient air force, which should be under the control of the 
Admiralty, whose duty it should be to strike an exact balance. 

Discussions such as Sir Alan has initiated, although a little 
outside the scope perhaps of the usual subjects debated upon 
in this hall, can do nothing but good. 
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Lieut.-Col. LAURENCE H. STRAIN, D.S.C., O.B.E.: I agree 
with Sir Alan Burgoyne that it would be as foolish to neglect 
the fleet as to ignore the potentialities and progress of aviation, 
but I think his paper is inclined to magnify the latter at the 
expense of the Navy. First, to take the question of offensive 
action by aircraft against ships at sea. Little value can be 
placed on the experiments he mentions. The American 
experiment was made with the ship at anchor in order to test 
the effect of bombs. The bombs were accordingly dropped 
from a-very low altitude and under ideal bombing conditions. 
The ** Agamemnon,” I understand, was steering a straight 
course at 10 knots, yet the bombing results were poor, except 
for the bombs dropped by Snipes. 

There are several factors which make accurate bomb dropping 
at a ship in motion almost impossible. With the aid of the 
mirror and range finder it is easy to tell from the deck when 
aircraft are in position to drop bombs effectively. That posi- 
tion ean be barraged, but assuming that a machine has reached 
the proper position, the bomb is released, after which, if the 
machine is at any reasonably safe altitude (say 8,000 feet), 
there is over a minute while the bomb is dropping, during 
which its path cannot be altered by the airman. In this time 
the ship may increase or decrease speed, turn to port or star- 
board; at 25 knots she may be half-a-mile from her assumed 
position when the bomb was released. Bombing may force a 
ship to alter course: the °° Breslau " was compelled to alter 
course, and was driven on to a minefield by intensive and 
reasonably accurate bombing. Sir Alan, however, taking the 
attack on the ‘“Agamemnon’’ by Snipes as his text, argues 
that with sufficient sacrifice of aircraft attacking from a low 
altitude, capital ships could be put out of action. He answers 
himself in an earlier part of his paper when he states that 
aircraft escort gave ships practical immunity from submarine 
attack. Submarines were frequently in position to attack 
convoys, and could have sunk ships, but what deterred them 
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the exact position of the submarine to the escorting aircraft, 
and she would be heavily bombed before she could get away. 
The German submarine commanders were as courageous as 
any enemies we are likely to meet, but very few would take 
the risk of almost certain destruction in cold blood. Similarly 
few airmen would attack a battleship at 200 feet unless they 
had the element of surprise in their favour. The same argu- 
ment applies to attack by torpedo-aircraft, which require to 
come down to within 20 feet of the water before releasing 
torpedoes; to make an effective barrage is not difficult. Nor 
do I think that Sir Alan’s vision of a fleet action centring 
round the aircraft carriers is truly prophetic. In their early 
days torpedo-boats were carried inboard in mother ships, and 
only launched when necessity arose. Fleet aircraft are at 
present going through the same phase, but the seaplane of 
the future will go to sea without a mother ship and act with 
the fleet as destroyers now do. My argument is that we must 
not exaggerate the potentialities of aircraft and stultify the 
Navy in order to develop the Air Service. 

I agree with Sir Alan as to the impotence of our fleet to 
protect our populous centres against bomb raids. For adequate 
defence we must rely on the Air Force. Incidentally the chief 
reason why bomb raids on London stopped after 19th May, 
1918, was that we had an efficient force of fighting aircraft in 
Belgium, which always intercepted the raiding aircraft on their 
return and took a heavy toll of the tired airmen in their 
cumbersome bombers—another instance of risks which the 
average fighting man will not face in cold blood. Our policy 
should be to maintain a proper balanee between the Navy 
and the Air Force, developing both. In this connection may 
I plead for two things—firstly, the specialisation of that 
branch of the Air Force which has to work with the Navy. 
Progress does not come from those in high places evolving 
new taeties out of their inner consciousness, but by junior 
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meeting constantly as members of the same service, appre- 
ciating one another’s difficulties, and evolving methods of 
getting better results. Secondly, I want to put in a plea for 
the seaplane. We are neglecting it, and, as an island nation 
whose flying operations must be largely over water, we cannot 
аНог to. Aerodynamically a seaplane should be better than 
an aeroplane if properly designed. Floats or hull can be 
designed to give lft in the air, while a landing carriage with 
wheels never can. 

Prof. Percy A. Нплносѕе, D.Sc. (Member of Council): 
This is not really a technical paper, and on that account it is 
one rather more difficult for engineers and technical men to 
criticise or discuss than for the tactician or the militarist. All 
the same, it contains a great many hard facts which give food 
for very serious thought indeed. Apparently the answer to the 
question implied by the title of the paper is, as Sir Perey Scott 
states, Sea Power and Air Force, and, as a shipbuilder, I am 
very glad indeed to hear that warships are not likely to be 
entirely dispensed with. At the worst, even although fighting 
ships were to be abolished, aircraft carriers would sti'l be 
required, and this would mean a good deal of work for the 
engineer and shipbuilder. 

I think Sir Alan has drawn his picture very moderately, and, 
in discussing the possibility of an air attack on London, he has 
restrained his hand and left a good deal to the imagination; 
but I must say that, when one begins to think of the effect 
of an air attack on London, and the possibility of 200 tons of 
explosives being dropped there within 24 hours of the opening 
of hostilities, the matter looks very serious. Supposing a fleet 
of aircraft bombers came across from the Continent, what could 
we do? Our battleships and cruisers could not prevent their 
approach ; they could only look on helplessly. If we attacked 
the invaders and endeavoured to prevent them from crossing, 
it is conceivable that in the mélée a small number of enemy 
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result would be sufficiently appalling. I was in London during 
one air raid, and the only feeling I had was one of helpless rage 
and impotence. To protect the inhabitants of a large city like 
London from attacks from the air, it might be quite a good idea 
to establish a number of bomb-proof dug-outs, into which the 
citizens could fly for safety. Even then there is the possibility 
of a distribution of poison gas which might permeate the whole 
of London and poison everybody. Our only hope, therefore, 
apparently lies in keeping our eyes open and our purse strings 
loosened for the purpose of building a strong air fleet to prevent 
the possible approach of any enemy aircraft, and to carry the 
war into their own country and keep them busy at home. 

Engineer Rear-Admiral W. WrrirrINGHAM, C.B.: What Sir 
Alan Burgoyne has said in his paper should cause those inter- 
ested in the future welfare of the country to think. It struck 
me, in reading about the ‘* Agamemnon ” experiments, that they 
lacked just one little point—there was no adequate defence of 
the ship. 

There is no doubt at all that, in narrow seas at least, we shall 
Ье subjected to very formidable attacks from the air, and if 
we are not prepared with an adequate defence we shall lose 
ships. For a considerable time to come it is unlikely that 
great weights will be carried long distances by air, but it should 
be realised that the Navy will need protection by its own air- 
craft against attack by enemy aircraft. It is desirable, there- 
fore, to take to heart the lessons given in the paper and to 
provide at once an adequate defence. By that I mean defence 
of the right sort, namely, offensive defence. I am quite in 
sympathy with Sir Alan Burgoyne, and believe that to meet 
attacks we must be prepared for them. 

Professor J. С. Gray, D.Sc. (Member): I have been, and 
still am, very much interested in the question of precision 
bombing from aeroplanes With others, I carried out a great 
number of experiments during the war, but I do not care to 


46 SEA POWER OR AIR FORCE ? 
Professor J. G. Gray, D.Sc. 


say much about this work at the present time. I consider that 
Sir Alan Burgoyne’s paper sets forth clearly the main facts 
which must be faced by those who are responsible for the 
defence of the country and Empire. 

With regard to the tests carried out on H.M.S. '' Aga- 
memnon,’’ I consider that the bombing results obtained from 
8,000 feet, nine direct hits out of over 200 bombs dropped, 
represent extremely poor work. With proper arrangements and 
experiments, and employing stabilised sights of proper construc- 
tion, the high-altitude bombers ought to score something like 
60 per cent. of direct hits, and that from a height of 10,000 
or 12,000 feet. At this height anti-aircraft guns scarcely 
count. The low-altitude tests described are of little value. If 
the ' "Agamemnon" ' had been manned with anti-aircraft 
gunners the low-altitude work described would most certainly 
have resulted in grave casualties to the aircraft. 

It should be clearly understood that in any future naval war 
fleet actions will be preceded by actions in the air, and it is 
obvious, therefore, that the fleet provided with the better air 
service wil possess a winning advantage. The ships of the 
fleet whose air force has been defeated will be subjected to 
continuous attack from the air, the aeroplanes using bombs, 
torpedoes, and guns. A ship under attack from the air will 
have to be mancuvred so as to render the accurate dropping of 
bombs and launching of torpedoes as difficult as possible; such 
a ship will be continually changing course, and from a gunnery 
point of view will be seriously handicapped. The problems to 
be solved in bombing a moving target, such as a ship, from an 
aeroplane are difficult, but are capable of exact solution. The 
sights must be entirely automatic in action, and must allow 
of the ship being attacked from any direction. All corrections 
must be embodied in the sights, and no errors must be intro- 
duced by pitching and rolling of the aeroplane, or by the quick 
turn which in all probability will precede “ 
target.” 


running up to the 
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As things stand at present we require, for naval defence, a 


strong fleet provided with its own bombing and fighting aero- 
planes. If the fleet is to hold its own in the future, painstaking 
research work will have to be carried out. Every effort must 
be made to improve the mechanism of bombing, and to improve 
anti-aircraft guns and sights. It is essential that the ships 
should be provided with apparatus capable of showing the exact 
positions of aircraft overhead. In other words, observational 
mirrors and telescopes, stabilised against pitching and rolling 
motions of the ships, must be available. A vast amount of 
experimental research work must be carried out in this country 
in the near future if we are to hold our own at sea. The results 
of the high-altitude bombing tests, set forth in the paper, indi- 
cate that much valuable time has been lost, and that we 
should at once set our house in order. 

Mr А. J. CAMPBELL (Member of Council): Concerning the 
value of aircraft as a means of defence against attack by enemy 
aircraft, we must remember that in both cases their range is 
somewhat limited, although, during the war, London was not 
beyond the limit of the range of action of large enemy bomb- 
dropping machines. Sir Alan has told us of the preparations 
being made across the Channel, and how in one day 200 tons 
of explosives could be dropped on the metropolis, followed by 
70 tons daily on our towns and defences. This is certainly an 
appalling picture, and it behoves us to do our utmost to influ- 
ence the authoritics in this country to undertake the construc- 
tion of aircraft to mect, in their own element, those intended to 
assail us. Dr. Hillhouse referred to the possibility of erecting 
bomb-proof dug-outs into which people could fly when an air 
attack was imminent, and in this connection might I suggest, 
as a possible means of dealing with poison gas, the adoption 
of motor-driven fans to operate at the eritical moment and drive 
off the gas. 

I think that some of the gentlemen who have taken part in 
the discussion are not altogether fair in their attack. We all 
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have sufficient knowledge of the services rendered by aircraft 
around our coasts, and particularly in the North Sea, to be able 
to appreciate how very valuable these proved to be during the 
war in detecting the presence of submarines, and, having de- 
tected them, in communicating with the ships prepared to 
annihilate them. After all we have heard to-night, I think it 
will be agreed that there is great need for the Navy being 
associated with air power. If ever a case has been made out 
for coalition and co-operation it is that of vessels of the air 
and of the sea being under one command. 

Capt. D. Nicotson (Associate Member): Critics of air 
defence and offence are too apt to regard aircraft ns in a com- 
pletely developed state and to compare their power accordingly 
with the existing means of defence and offence, overlooking 
the fact that these means in the form of surface eraft have 
been in the course of evolution for more than 1,000 years, and 
are still evolving. The question appears to me to be: Can 
surface craft develop in such a way as to outdistance this new 
menace from another element, or can aircraft be developed at 
such a rate and to such purpose that surface craft will neces- 
sarily be forced to take a secondary position in our lines of 
defence? Those who are in closest touch with aviation are in 
a position to appreciate and visualise the advancements pos- 
sible, and can see the time, in the not far distant future, when 
life for surface craft will be very difficult indeed. At present 
it has been demonstrated that it is possible to obtain a fair 
number of direct or ** close ” hits from such a position that 
effective reply is nearly impossible, but it is only a question of 
time and money, chiefly money, before the ' 


» 


‘ ships-of-the-line ' 
will be in another element. | 

In my opinion, it 1s really only a matter of money which 
can advance or retard the effective development of aircraft. 
Such attributes as capacity, accuracy of fire, speed, duration 
or radius of action, reliability, seaworthiness, and quantity can 
all be developed comparatively rapidly, provided money is 
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forthcoming. Money not only for more squadrons, but 


especially allocated to development work, in order that from 
the foundation of our supremacy at the end of the war we can 
build and maintain a fleet supreme and unchallengeable in 
the air. 

Referring to the latter part of Sir Alan Burgoyne’s paper, 
he mentions °“ showing the Нас” as a duty for surface craft 
and also as convoy escort: But what better convoy escort can 
be derived than aircraft? During the latter part of the war 
this was demonstrated by large flying-boats. They were of the 
greatest assistance as eyes to the Navy on patrol work and 
escort duty, the boats usually flying in circles from 5 to 10 
miles ahead of the naval surface craft and working in relays, 
so as to protect merchant shipping, each boat being out for 
about 54 hours at a time. This work called for good naviga- 
tion, in order that the flying-boats might keep in contact with 
the surface craft at the correct time and position. At one 
time the crews of our torpedo-boat destroyers were kept at 
action stations during the whole period of their escort duty. 
but when the flying-boats accompanied them half the crew 
were allowed to stand down. ‘This, I am sure, the navai 
officers must have appreciated very much. I could mention 
examples of the excellent work which these boats carried out 
during the war, but as many of the details are now well 
known I will only refer to what one war flight accomplished 
over a period of 12 months. On an average only eight boats 
were used per month, and they carried out 605 patrols, flew 
105,397 nautical miles, spotted 47 enemy submarines, sunk 25 
of them, and destroyed a Zeppelin. 

It does not seem beyond the realms of possibility for a flying- 
boat to fly from South America to Britain, alighting from time 
to time to replenish from the members of the convoy, and 
“ showing the Нас” might be particularly efficacious with the 
assistance of a squadron of giant sea-going aircraft. 


Sir ALAN Burcoynxe: I am highly gratified at the general 
6 


9» 


50 SEA POWER OR AIR FORCE ? 
Col, Sir Alan Hughes Burgoyne, M.P. 
tone of the remarks of those who have been good enough to 


make reference to the paper. My old colleague, Admiral Sir 
Reginald Hall, sent a communication to your Secretary, while 
I have had a direct communication from Admiral Sir Percy — 
Scott; and I think of turning Admiral Sir Percy Scott’s guns 
on Admiral Sir Reginald Hall. In the course of what is stated, 
I think the latter is in favour of battleships and no aircraft; 
while the former wants no battleships and а sufficiency 
of fast cruisers, destroyers, and aircraft. You will notice 
that Admiral Hall says that under the Washington Agreement 
submarines shall no longer be permitted to attack vessels of 
commerce, and he, therefore, imagines that aircraft will not 
be permitted so to do. I would make two comments: the first 
is that under the old international agreement, i.e., the Treaty 
of London, submarines were not to attack merchant ships in 
time of war, yet when the great war came this treaty was 
blown to the winds; the second comment is that aircraft are 
expressly excluded from all the recent international agreements 
following the peace, so that there is no reason why, if war 
takes place, they should not drop bombs upon merchant ships 
if they so wish to do. With regard to the convoying of ships, 
I can tell you that not a single convoy that was being 
escorted by aircraft lost a ship by submarine. Admiral Sir 
Reginald Hall says only nine submarines were sunk by aero- 
plane. I do not think the battleships sank many! But 
aircraft kept the enemy under, because the submarines could 
not come to the surface to see the merchant ships which other- 
wise they would have sunk. That is the main power of aircraft 
in the suppression of the submarine menace. 

A point was raised by Engineer Rear-Admiral Whittingham 
when he suggested that in the ‘“‘ Agamemnon ” trials the 
latter was not firing back at the aircraft; and there is 
undoubtedly a good deal of difference between firing at some- 
thing that is, and firing at something that is not hitting back. 
We who have been over in France know that. If the 
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** Agamemnon ” had had all her 12-pounder guns on board, how 


many hits would have been made? I would make only one 
comment here, and that is—the only effective reply to aircraft 
is aircraft. As to erecting bomb-proof shelters in our large 
cities, one of the 600-lb. bombs that was dropped on London 
. during the war went through a building which was eight storeys 
high. The whole eight floors were of concrete, and it did 
not burst until it got to the cellar. I do not think against 
heavy bombs, shelters. however well constructed, are going to 
be of very great value. 

Then a reference was made to the cost of travelling by 
air as against the cost of transport by ship. І would, how- ` 
ever, never think of carrying bulk cargo by air. The thing is 
preposterous, and no sane man would ever suggest such a 
proposal. But, so far as the transport of troops for small cam- 
paigns is concerned, Messrs. Vickers are even now fulfilling a 
Government order for aircraft to carry, in addition to the crew, 
24 men all fully equipped and with machine guns. That is 
a start; it could have no reference to troop transport 
in a European war, but only for small campaigns. Then, as 
far as relative cost is concerned, the new battle-cruisers are 
to cost over six million pounds apiece, and their gross cost will 
be about nine million pounds. Take an aeroplane, and you can 
get at the least 1,000 for the cost of one battleship. In my 
remarks I am endeavouring to supply food for thought, and 
I may say that I like to take rather a broad view of matters. 
Some people scoff at a thing because it is new, but I do not; 
I rather prefer to give every consideration to anything that 
is likely to affect the future of the British Empire. 


LAUNCH VELOCITIES AND DRAGS. 


By Prof. Percy A. НплноовЕ, D.Sc., 
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21st November, 1992. 


THE problem of the launching of a ship into restricted water 
is one which is of peculiar int2rest to shipbulders on the upper 
reaches of the Clyde. At Govan the river has a breadth of 
about 450 feet, and in order to obtain launching room the 
centre lines of the building berths have to be laid down at an 
angle to the line of the waterway, either up-river or down-river. 
The longest vessel which has been floated into the upper 
reaches is H.M.S. battle-cruiser ' nearly 800 feet 
in length, and when this vessel came to rest after her launch 
her bow was 60 feet clear of the way ends, while her stern 
was some 120 feet from the stone wall of Merkland’s Wharf, 
measured along the centre line of the launch. Owing, how- 
ever, to the angle between the ship and the wharf the nearest 
portion of the quay wall was 60 feet from the deck line of 
the cruiser, so that the net clearance was the same at either 
end. The centre line of the berth has since been still further 
inclined to the channel of the river, so as to permit of the 
safe launching of still larger vessels. | 

Such а feat is, of course, only made possible by the use of 
drags, piles of chain, or steel plates attached to the ship by 
cables or steel wire ropes which are of such lengths that they 
become taut when the vessel nears the way ends, and there- 
after tow the drags over the surface of the yard and so create 
a resistance which slows and ultimately stops the vessel. The 
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Renown,’ 
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problem which faces the builder is to proportion the weight 
of the drags to the weight of the vessel and declivity of launch, 
and to determine the positions at which they will come into 
action, so that the resistance of the drags is withheld untii 
the vessel is safely clear »f the ways and is then called into 
play in sufficient amount to stop the vessel neither too soon nor 
too late. If too soon the tension of the drag wires may pull 
the bow of the ship into contact with the shore and the way 
ground; if too late the credit of stopping the vessel may be 
claimed by the opposing quay wall. Both of these extremes 
have been experienced. In one case, that of a comparatively 
light vessel, a wire was led from a drag through one hawse pipe, 
round a deck house, and out through the other hawse pipe to 
a second drag. The wire snapped, slipped out of both pipes, 
and left the ship free. She was brought to rest by a wooden 
wharf and sustained some damage to her rudder, sternpost, 
and propeller. | 

The determination of the weights of drags to Бе used in any 
particular case, and the fixing of their positions, is naturally 
not an exact science. It must be based largely on experience 
and the careful study of the recorded data of previous launches. 
The force causing the ship to move is her own weight; her 
motion is restricted by the friction of the ways, the resistance 
of the water, and by the inertia of the drags and their friction 
on the ground. The moving force is readily calculable; the 
resistances are more or less uncertain. Water resistance is 
an important factor, and the distance through which the vessel 
moves before water resistance comes into play upon her hull, 
and on the sliding ways and after poppets, has no doubt a 
considerable effect upon her velocity and the distance through 


which the drags will be moved. The work done by the vessel | 


from start to finish of her motion will be proportional to her 
weight A and to the total fall h of her centre of gravity, while 
the work expended in moving the drags will vary more or less 
as the product of their weight D by the distance m over which 
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they are moved. Ceteris paribus, the ratio of Dm to Ah, 
might reasonably be expected to be fairly constant. Іп prac- 
tice I have found values ranging from ‘02 to 235, an average 
value for merchant vessels being about :25. It is difficult 
10 account for the variations, and even for sister ships, launched 
under nearly identical conditions, large differences manifest 
themselves in the value of the coefficient 
От. 
= АЛ 
The '' Assiniboia,’’ а vessel 336 fect in length by 43 feet 
6 inches in breadth, had a launching weight of 1,650 tons, 
was 18°6 feet lower when afloat than when on her berth, 
and pulled 60 tons of drags a distance of 62 feet. | Тһе 


3 


“ Keewatin,’’ a sister vessel, was 100 tons lighter, fell 10:3 
feet, and yet carried the same weight of drags more than twico 
as far. One vessel was launched in June, the other in July, 
and the only important difference in the circumstances of the 
launches was that the second vessel had 17 inches less water 
over the way ends. It is, therefore, possible that the second 
vessel was moving more rapidly than tle first at the moment 
when the stern entered the river and water resistance comi- 
menced to have effect. 

The “ Empress of Asia’’ was 1:3 per cent. lighter at launch 
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than her sister the '' Empress of Russia,’ and both dropped 
through the same vertical distance; the water level over the 
way ends differed by 1 inch only. The former moved 460 
tons of drags through 102 feet, while the latter shifted the 
same weight over 79 feet only, the values of С being `252 and 
108 respectively, the months of their respective launches 
being August and November. The pressure on the launching 
triggers was measured by means of the compression of small 
calibrated discs of copper inserted between the triggers and 
the snugs on the sliding ways, and was found to have been 
103 tons or "804 of the component of the ship's weight in the 
direction of movement for the '' Empress of Asia," and 90 
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tons or ‘254 of the component for the ‘‘ Empress of Russia.’’ 
It is possible, therefore, that the faster launch of the '' Em- 
press of Asia °’ was due to the launching lubricants being 
less viscous, due to the higher air temperature of August as 
compared with that of November. The copper discs show that 
the fraction of the component of the ship’s weight taken by 
the triggers is seldom more than one-half, the largest value 
recorded at Fairfield being ‘56. 

If the values of the product Dm, weight of drags by dis- 
tance moved, be plotted on a base of Ah, weight of ship by 
vertical fall, some idea of the run of the coefficient C may 
be attained, and if logarithmic squared paper be used, it is 
found that the spots lie approximately in straight lines. By 
drawing straight lines through the thick of the spots I have 
obtained the following equations :— 


For destroyers, submarines, and small crait— 


AhNVYS 
Dm= 56( 15) +18 per cent. 


For cruisers— 


ANN 
Dm - a0 (15) +15 per cent. 
For merchant vessels— 
Ah\ 12 
Dn = 1-5(75) +25 per cent. 


With occasional higher values, so that, owing to uncertainties 
as to the height of tide, temperature of air, condition of ground, 
etc., it does not appear safe to predict the drag moment 
unless a possible variation of atout 33 per cent. up or down 
is allowed for. 

If there appears to be any danger of making the acquaint- 
ance of the opposite bank, it may be advisable to cause the 
vessel to swing round into line with the channel by attaching 
some or all of the drag wires to that side of the ship which is 
nearest to the building yard. At Savannah, Georgia, U.S.A., 
the 7,500-ton tanker “ Darden " was swung through an angle 
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of 60 degrees by means of one-side drags, and came to rest 
with her stern 14 of the ship's length away from a line per- 
pendieular to the way ends. At the launch of the '' Maure- 
tania,’’ a wire from her after-cnd was attached to an anchor 
buried in the mud of the river bed. The anchor was dragged 
a distance of 120 feet, but produced no appreciable effect in 
turning the vessel until she was nearly stopped. А similar 
drag was attached to H.M.S. '' Renown " without noticeable 
result. At the launch of the Anchor liner '' Tuseania’’ all 
the drags were attached to the starboard side of the ship, and 
when she came to rest after launch she was lying nicely parallel 
to the centre line of the waterway. The probable effet had 
been previously studied by means of model experiments, and 
although no measurements were made of the angle. turned 
through, the actual launch appeared to confirm the model 
launch remarkably well. The weight of the model drags was 
in correct proportion to the weight of the model, and the 
roughness of the surface over which they moved wis adjusted 
so that when the drags were placed equally on either side of 
the ship, they brought her to rest in the position expected. 
The model was given a way-end velocity corresponding to a 
speed of 18 feet per second for the ship. 

It has been the custom in many shipyards to record launch- 
ing velocities in more or less detail. Sometimes only 
the time occupied by the vessel in travelling her cwn length 
is the only measurement made, and from this only the mean 
velocity on the ways can be obtained. This gives an idea as 
to whether the launch is °“ fast or 
“ Launching Velocities,” read before the Institution of Naval 
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slow." In a paper on 


Architects 40 years ago, Mr. William Denny gave curves of 
velocity plotted on distance and on time for eight vessels. 
Some of these were obtained by attaching a cord to the ship 
and guiding the cord, as it was set in motion by the slup, 
under a swinging pendulum with a heavy lead bob carrying а 
brush full of paint. The paint made marks on the cord at 
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equal time intervals, and from the spacing of these marks the 
curves of velocity could be plotted. The method was not 
very satisfactory, as the marks—especially those which had 
followed the ship into the water—were not very clearly defined. 
and the contact of the brush with the cord tended to interfere 
with the proper timing of the pendulum. 

In a better method the cord was passed around a wheel 
of known circumference which was geared to a drum carrying 
a sheet of paper upon which an electrically controlled 
pen made a mark every second. By screwing the axle 
of the drum and mounting it in stationary nuts а side- 
way motion can be given to the paper, so that the pen marks 
made during one revolution will be clear of those made during 
the previous round. In the course of the discussion on Mr. 
Denny's paper Sir Philip Watts described a method in which 
a cord attached to the ship was knotted at intervals and 
drawn under a wooden block, pivoted at one end, and held 
against the cord by a spring. ‘To the block was fastened a 
light hammer which struck a bell every time one of the knots 
lifted the block. The times of the bells were called out by 
one observer with a watch and recorded by another. 

At Fairfield a knotted cord was tried, and the passage of the 
knots electrically recorded, but the results were unsatisfac- 
tory, and a wooden wheel exactly five feet in circumference 
is now used, Fig. 1. The cord is stowed upon a small reel, 
and is led around about 3 of the circumference of the wheel, 
and then to the ship. It is usually attached at about the 
deck level, a little forward of amidships, and the recording 
gear is placed on top of the workmen's gangway, or the string 
is taken over а guide block on the gangway and led down to 
the instrument at the ground level. This keeps the string 
clear of the water, and a brake acting on the reel keeps the 
cord as taut as possible. On each side of the wheel are two 
series of brass plates arranged in two circles. Each small 
circle consists of two plates, while each larger circle has 
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20 plates, and in each case alternate pairs of plates are cross- 
connected through the wheel. Fixed spring contact pieces 
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Fig. 1 — Travel Measurer. 
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press against the circles on each side of the wheel, and carry 
electrie current operating two pens marking a strip of paper 
moved by clockwork. The current pulls the pen to one side, 
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so that the line drawn shows two steps, and the other ten 
steps, per revolution of the wheel. These steps, therefore, 
correspond to ship movements of 2 feet 6 inches and of 6 inches 
respectively. At the beginning and end of the launch, when 
the speed is comparatively slow, the 6-inch pen is used, but 
during the faster middle portion it is switchad out of gear, 
and only the 30-inch intervals are recorded. The clock works 
a third pen, marking quarter-second intervals. In order to 
have as accurate a record as possible of the initial movement, 
which is usually very slow, a wooden batten about 14 inch 
square in section and 6 feet in length is attached to the 
ship. One wire of a pen-working circuit is attached to the 
batten by a flexible lead, and then led zig-zag along the batten 
crossing one face at intervals of 1 inch. The other wire is 
attached to a fixed spring-contact piece pressing against the 
wired face of the batten. The pen thus receives a side pull 
at every inch of motion of the ship. The batten is connected 
to the fore end of the sliding ways by a single nail, and when 
the ship has moved 6 feet the batten is held by a stop and 
the nail pulled out. ; 

The launch velocity curves given by Mr. Denny, and already 
referred to, were not continued throughout the whole motion 
of the ship, so that only the speeds on the ways and for about 
20 seconds afterwards appear on the curves. The vessels 
were launched without drags, except in one instance. Sir 
Philip Watts contributed to the discussion some curves show- 
ing the velocities throughout the whole motion. The time- 
distance curve was differentiated to obtain the velocities, and 
the time-velocity curve differentiated to give accelerations. 
Knowing the acceleration at the beginning, and the com- 
ponent of the ship’s weight tending to set her in motion, the 
coefficient of friction of the ways can readily be deduced. А 
very complete веб of such curves was published in '' The 
Shipbuilder," Vol. I, in connection with the launch of the 
" Mauretania," and the four diagrams in Fig. 2 are repro- 
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ductions of some of the Fairfield records. The curves were 
prepared with the object of studying the effect of the drags 
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upon the motion of the vessel, but in some cases the velocity 
curve appears to be perfectly smooth, and the coming on 
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of the drags does not produce the sudden change of direction 
which one would naturally expect. 
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It is not an easy matter to differentiate the curves of motion. 
The process is one of determining the slone of the curve, 
and unless the curve is very carefully drawn through closely 
spaced observation points, the resulting curves of velocity and 


62 LAUNCH VELOCITIES AND DRAGS 


acceleration are somewhat uncertain. The reverse process of 
integration is much more definite, as it ^s a process of area 
measuring. As we had spots on tha time-distance curve 
only 6 inches apart, and used paper squared in tenths of a 
centimetre, it was possible to make a very close analysis, and 
in some cases very rapid and large fluctuations were found to 
exist in the retardation curve. These are possibly due {с 
pulsation and whipping of the drag wires. When the drag 
first comes on, its mass has to be accelerated, and the extra 
tension in the drag wire causes it to stretch. When the drag 
has been set in motion the excess of tension in the wire will 
cause it to move faster than the ship, and the wire will con- 
tract. The drag will then slow up, and the wire will again 
have to stretch to bring it along. The alternate stretching and 
contraction of the wire will produce fluctuations in the curve 
of retardation. А close analysis was made of the final motion 
of the oil tanker ‘‘ Santa Cruz,’’ and the rapid fluctuation of 
resistance is very noticeable, as shown in Fig. 8. 

The maximum velocity attained is generally about 18 feet 
per second, as will be seen from records taken in the following 
vessels : — 


' Athenia”  - - - - : 18 

'"'luseania ' - - - - - 225 
'' Tiger "' - : . - A 17 

'* Empress of Canada” - - - 17:8 
'* Montcalm ”” - - - - - 21:8 
““ Santa Cruz ”’ - - - - - + 162 
°“ Calgan”’ - - - - - 18:5 


and occurs some distance before the fore poppet reaches the 
end of the ways. The velocity curve frequently exhibits a dip 
or flattening just beyond its maximum ordinate, due probably 
to the sudden loss of way-friction when the stern rises, and 
then falls away rapidly owing to water and drag resistance. 
In order to measure the maximum tension in the drag wires, 
two special meters were made, consisting of strong wrought- 


LAUNCH VELOCITIES AND DRAGS 63 


iron links arranged so as to carry between their bearing surfaccs 
a small copper disc, 1 inch in diameter and $-inch thick. By 
the amount of compression of this disc the maximum tension 
in the wire can be estimated, similar discs having been pre- 
viously calibrated in a testing machine. Only one test has so 
far been made; the copper block was reduced to a thickness 
of about 3 inch, and the tension indicated was nearly equal to 
the nominal breaking strength of the wire. The result is 
probably not very reliable. The blocks were calibrated by 
successive increases of pressure applied slowly, while the tug 
of the drag wire would compress the block very quickly, and the 
influence of time on the flow of the copper in changing its shape 
introduces an unknown element. For this purpose it might be 
better to test the blocks by dropping weights upon them. 


Discussion. 


Mr. J. T. OrrEwiLL, M.B.E. (Member): The paper relates 
particularly to conditions where the launching space is very 
limited. There are, however, several other factors to be con- 
sidered, over and above those mentioned in the paper, which 
further increase the difficulties of safely launching vessels in 
limited waters. In order to ensure the absolute safety of a 
vessel after launch, every possible precaution must be taken 
to prevent her coming into contact with the opposite bank of 
the river. In this respect at certain shipbuilding yards on the 
upper reaches of the Clyde, it is necessary to consider what 
are likely to be the effects of tide and wind. Where yards are so 
‚ arranged that vessels are launched down the river, tide and 
wind each play an important part, due to the fact that in the 
first instance the vessel is usually released about one hour 
before high water; which means that, after she is clear of the 
ways, the force of the tide running-up tends to slew the vessel’s 
stern round, and bring it into contact with the opposite bank 
of the river; whilst, curiously enough, the prevailing wind 
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in the distriet, which is generally in either a westerly or south- 
westerly direction, has precisely the same cffect on the vessel. 
These two items add to the necessity of exercising additional 
care and attention to the weight and arrangement of the drags, 
in order to ensure ''that amount of safety ’’ necessary for 
keeping the vessel under perfect control after she is clear of 
the ways. 

The ''Tuseania,'" of 550 feet in length between per- 
pendieulars, and 580 feet overall, was actually launched 
on a centre line, which when produced across the river, 
gave only a clear launching space of 690 fect from the after 
end of the ways to the opposite bank. Тһе launching 
weight was 8,160 tons, declivity of ways 2% inch, and 648 
tons of drags were used for the operation of checking and 
securing her in the river until taken control of by the 
tugs. As a result of a series of experiments carried out in 
a model tank, it was finally decided to arrange the drags 
in such a manner that 360 tons were placed on the starboard 
side, connected to eye plates attached to the after body of 
the vessel; while another 216 tons were plaecd on the port 
side with their cheek wires brought round the bow and con- 
nected to eye plates on the forward starboard bow; the 
remaining 72 tons were located on the port side of the berth 
and connected to an eye plate about midships on the port side. 
When the vessel was launched, the distance she travelled 
before coming to rest was very carefully measured by the 
apparatus already described in the paper, and the record 
showed the stem to be 59 feet from the after end of the ways 
(incidentally this was estimated by Prof. Hillhouse before the 
launch to be approximately 57 feet). The total distance she 
соуеге from her position when the drags first became opera- 
tive until she came to rest was 112 feet. The effect of the 
drags was to turn her through an angle of about 45 degrees, 
and leave her securely moored, by the nine check-wires, in 
the centre of the channel and almost parallel to the river bank. 
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Prof. Hillhouse also makes reference to the stress borne by 


the check-wires connecting the drags to the ship. This, of 
course, depends largely upon the weight of the drags and the 
size of the check-wire. In the case of the '' Tuscania,’’ 74-inch 
special flexible steel-wire ropes, having a breaking stress of 
175 tons, were used, and the weight of the drag attached 
to each wire was 72 tons; while in another shipyard on the 
upper reaches of the Clyde, the launching of large ships is, 
16 is understood, controlled by the use of 8-inch and 9-inch 
check-wires, each connected to drags of 100 tons in weight. 

To reduce the shock on the check-wires and shackles, 
the drags are often divided into several bundles. In the 
case of the “ Tuscania’’ the 72 tons were arranged in two 
bundles of 36 tons each, with about 15 feet of slaek chain 
between the bundles, so that when the ship first took 
up the drag, the stress transmitted to the check-wire was 
only that produced by half the weight of the drag, namely, 36 
tons. Too much attention cannot be paid to this item, as there 
are a number of instances on record, where the shock has been 
sufficiently great to fracture the shackle or pin connecting the 
check-wire to the ship's side. It is quite customary when a 
launch takes place during frosty weather to have the whole 
of the shackles and pins used in connection with the drags 
sent to the smithy to be overhauled and reannealed before vse. 
In the case of the “ Tuscania’’ the check-wires were examined 
after launching, and it was found that a considerable number | 
of the thimbles in the ends of the check-wires were elongated 
and fractured, as a result of the excessive shock they had sus- 
tained during the process of checking the vessel. 

It is the practice in some shipyards to arrange the drag 
chains on the berth in such a manner, that when the check-wires 
tighten, the bundles of chains will be tumbled over. The result 
of this arrangement is to bring the stress on to the check- 
wires '' gradually " instead of '' suddenly," which accordingly 
eases the shock on the wires and shackles very considerably. 
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Мг. W. H. RippLteswortn, M.Se., M.Eng. (Member): Of 


the many extremely interesting and important matters forming 
the subject of this paper, it is difficult to select those most 
worthy of discussion. The problem of launching in narrow 
water, not onlv here but in other districts, is of supreme interest, 
and in the case of our local industry, established on the banks 
of a river none too wide and none too straight, it is to 
be regretted that circumstances have in тапу cases led to the 
layout of yards in far from the best position. The ideal position, 
from the viewpoint of the builder of large ships, is on the 
concave bank with the berths pointing up river, as shown in 
Fig. 4, so as to obtain the greatest possible run after launch. 


> ғаты 
ӘР RIVER. 


LL OMe 


Fig. 4. 


Under conditions not unlike those at Govan, a run of 3,000 ‘zet 
could be obtained from this bank against some 900 feet from 
the other one, and up river, so as to take advantage of launch- 
ing with the flood stream, instead of, as is too often the case, 
` launching against the current, with the consequent risk cf 
slewing the ship towards the opposite bank whilst still partly 
supported on the ways, when not only is there grave risk of 
damage to the ship and ways at the parts in contact, but 
the already small clearance at the stern is still further 
reduced. 

Dr. Hillhouse’s graphic description of the method adopted 
for bringing up a ship after launch might have been extended 
to include the method occasionally used of checking by means 
of brakes applied directly to the cables. It is possible, but 
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probably expensive, to arrange a brake that will allow a cable 


to render under a definite load. Тһе few instances I have come 
across in which this method has been attempted have not been 
conspicuously successful, and piles of drag chains will probably 
remain a feature of launches on such a river as ours for many 
years to come. An accident that not infrequently happens is 
the snapping of a drag wire or cable at the moment when it 
becomes taut—the force in such а cable - depends on many 
factors, some amenable to reasoning, others not. In another 
place I ventured to suggest a simplified problem which would 
be a first approximation to the motion of the drags and to the 
forces acting on the connecting cable. A solution of this will, 
I trust, be forthcoming. Dr. Hillhouse tells us of one attempt 
to measure the force and then rejects the result; it is to be 
hoped that progress in this direction will yet fall to be recorded. 
The impulsive forces on the cables at starting the drags can 
be reduced by any means which increases the time taken to 
start the whole drag, such as subdividing the bunches of chains 
and having slack connecting cables between the various por- 
tions, laying out the piles of chains in such a way as to involve 
turning over either horizontally or vertically. 

It is unfortunate that of all the forces concerned in the move- 
ment of the ship during a launch the only one which we can be 
said to control is that due to the drags, and the sort of control 
is shown by the examples quoted in the paper of the 
“ Assiniboia ©’ and the “ Keewatin,’’ where, under not widely 
differing conditions, the travel of the drags varied more than 
100 per cent. Hence the value of this paper to all interested 
in launching, with its records of results obtained and of the 
method of obtaining the same. Accurate observations are 
essential for the formulation of a tenable theory, and I under- 
stand that the method adopted for measuring the movement 
of the ship has been checked by recording with the gear the 
movement of a bicycle over a measured course. Experience 
with indicator cords only a few feet in length makes one very 
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sceptical about the results of measurements made with a 


moving cord several hundred feet long; possibly the members 
of the Institution would welcome the records of any such check, 
if available. I would like to ask if any records have been taken 
with the apparatus carried on the ship, and the cord attached 
to a fixed point on the ground? 

On the general question of work, initially we have a ship 
and a mass of water, each with a certain potential energy ; 
finally we have the ship with less and the water with more, for 
the water displaced by the ship is presumably spread over the 
water surface. The difference between these two sums is the 
energy expended in overcoming the various resistances, such 
as friction of ways, air and water resistance, drag resistance, 
and the deformation oí ship, wavs, make-up, and ground. This 
difference is Ah — A(d — KB), and it is suggested that it is desir- 
able to modify the formula for the product of weight of drags 
by distance moved, by substituting this net amount of work 
for the gross amount uscd in the paper. 

Dr. Hillhouse has provided us with velocity curves deduced 
from the records of time and distance. As pointed out, these 
can be differentiated again, and the accelerations and forces 
obtained. In one example this has been done with surprising 
results (see Fig. 3). The general waviness of the force curve 
may be explained by wave interferences due to the onward 
movement of the ship. This, I believe has been confirmed by 
model experiments, but the great increase in resistance just 
before the drags come on and the reduction afterwards are 
difficult to accept. If one might shift the recorded time of 
application of drags backwards about one-half second the diffi- 
culty would vanish, but presumably there is very good reason 
for not permitting even that slight amount of adjustment to 
the observations. From the acceleration curves derived from 
the case of the '' Calgan,’’ a ship launched without drags, we 
might expect to be able to produce a probable curve of accelera- 
tion for, say, the °“ Santa Cruz,” and by subtraction to obtain 
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the actual effect of the drags in the latter case. If such an 
estimate has been made, may I suggest its inclusion in 
Dr. Hillhouse's reply to the discussion? 

Mr. W. HAMILTON Martin (Member): Prof. Hillhouse pro- 
vides some very valuable data on the launching of vessels 
in restrieted spaces, a diffieulty which has to be faced at the 
Royal '' De Schelde ” Dockyard, Flushing; but it makes itself 
felt there in another way, in that the ships have to be launched 
down the middle of a comparatively narrow canal. The method 
of launching adopted there to accomplish this in a satisfactory 
manner may perhaps be of interest to members of the Institu- 
tion. The two large slips are situated at the head of a canal 
having a constant water-level normally, which, however, 
can be raised to suit launching purposes. As this canal is 
only 170 feet wide, special care has to be taken that the vessel 
to be launched is brought up without running into the сапа 
banks. In larger vessels there is not 60 feet between each 
side of the ship and either bank. | 

The trouble is not so much, therefore, in the actual run 
available as from the width of the canal. There is a clear run 
of about 500 yards from the ways, so by dropping the anchors 
attached to the cradle and sliding ways directly after the vessel 
clears the ends of the standing ways, there is room for the 
vessel to carry on and clear the cradle, etc. No drags are used 
for bringing up the vessel, but she is made to run into a very 
large floating raft---about 60 feet by 60 feet and 10 feet thick, 
built up of faggots all carefully bound together—of which 
about one-third floats above water. The size of the raft is 
regulated according to the size and launching weight of a 
particular vessel, from experience previously gained, and it 
is held nicely square by guy ropes to the line of travel of 
the ship, which rams it with her stern. This comparatively 
soft mass of wood then piles up and closes around the stern 
and propeller or propellers of the ship, holding it firmly, 
and the whole mass, with its large area offered to the water 
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fluctuations in the tension of the drag wire and corresponding 


fluctuations in the speed of movement of the drags, and 
the conclusion then reached was that this explanation of the 
humps and hollows was a reasonable one, and I am glad to 
have Mr. Shervell’s corroboration. 

Mr. Martin refers to the practice of floating a large crush- 
able raft some distance from the stern of a ship for the 
purpose of bringing her up after launching. It is a method I 
never thought of, and am surprised to hear that it has been 
in use for about fifty years in Holland with great success. I 
should, however, rather fear the use of such a raft in con- 
nection with the launch of a very large vessel, because, unless 
it was extensive and easily penetrated before the ship was 
stopped, there might be danger of injury to the rudder or pro- 
pellers. I doubt if the method will ever be introduced on the 
Clyde, where tides would make it difficult to anchor a raft in 
proper position, and where the river traffic is great. 
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and its great weight to be set suddenly in motion, acts as a 
very powerful retarding agent, and invariably brings the ship 
up in a distance of from 100 to 150 feet. 

In the event of the ship leaving its intended course through 
some unforeseen circumstance, the cushion of faggots closely 
packed around its stern acts as a thorough and kindly fender 
to the ship and bank if they come into contact. At the worst, 
the blow wili be a glancing one, ensuring little damage to 
either. Fig. 5 illustrates the launch of a 10,000-ton cruiser- 
stern mail steamer and Fig. 6 that of a smaller vessel, each 
showing the raft in position. The vessels are generally launched 
with rudder and propellers all fitted, while some strengthening 
beams are added to keep the rudder amidships, and to take 
the first impact with the comparatively soft raft and to protect 
the propellers. For nearly 50 years this method has proved 
satisfactory. Ошу once, I believe, did a vessel swing clear 
of the raft after striking it, but she came to rest in the wood- 
clad earthen banks with more noise than actual damage te 
herself. I realise, of course, that this method would be 
impracticable in a busy waterway like the Clyde, apart even 
from the fact that the tide would prevent the raft from keeping 
a definite position. In Fig. 5 it will be seen how the displaced 
water rises in the canal, and how the large surging wave moves 
before the vessel, due allowance for which has to be made in 
fixing the guys which hold the raft square to the vessel's line 
of travel. 

In launching a submarine, faggot rafts are also used, but 
with its cigar-shaped ends and heavy rudder frames and gear 
at the stern, the buoyancy of the vessel is probably, for a greai 
part of its length, a negative quantity, and she consequently 
proves very sluggish in tipping up after leaving the ways. On 
this account, to obviate diving under the raft, a large heavy 
wooden boarding, sloping upwards and backwards, is fitted to 
the stern gear at an angle of about 45 degrees, which when 
being pushed through the water during the launch tends to lift 
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the stern, and the vessel mounts the raft more or less when 


striking it. 

Mr. F. J. SHERVELL: In the curves illustrating the paper 
some interesting information is given concerning the motion of 
a vessel during her launch. While the first portion of the curves 
exhibits what one would expect, it is, on first perusal, very 
difficult to conceive of such a curve of retardation as that given 
for the ''Santa Cruz." Prof. Hillhouse attributes these 
fluctuations to the pulsation and whipping of the drag wires, 
and to confirm this view I have made a small investigation 
which may be of interest to members of the Institution. I 
considered the motion of two weights W and w, attached to 
each other by an elastic cord. The weight W is moving under 
the action of a force F, whilst w has to overcome a force f 
before motion is set up. This is somewhat identical to the 
motion of a vessel during a launch, where W is the weight of 
the vessel and w the weight of the drags, the elastic cord repre- 
senting the wire rope attached to the drags. I discovered, as 
shown by the mathematical explanation given below, that the 
force P in the cord is a periodic function of the type = 


P=a sin (pt +0). 


This being the case for this system, I am of the opinion that 
the fluetuations shown in the retardation curve are produced 
by the variations of the force in the check wires. 

Applying this theoretical equation to that of the launch 
of the ‘‘ Santa Cruz,’’ where W=1,900 tons, w=120 tons in 
four bundles of 30 tons each, the length of check wire 350 feet, 
and. assuming E for a 74-inch hawser to be 1,570 tons per 
square inch, I find that the period given by the equation is 
1:9 seconds, whereas that actually recorded is 1:5 seconds; 
which is a most favourable comparison, considering the 
many circumstances which occur in an actual launch, and 
of which no account is taken in this investigation. Now, 
although agreeing that the fluctuations are as shown, I 
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hold the same opinion as Mr. Riddlesworth with respect 
to the position of the arrows indieating the points where 
the drags come into operation, and I should like to ask 
Prof. Hillhouse to consider the advisability of bringing the drags 
on a quarter of a second earlier than the time recorded. This 
would cause the arrows to appear at the top of the humps, when 
the greatest retardation would occur just prior to the move- 
ment of the drags, and would be consistent with the theoretical 
formula that the force in the wire is increasing until the drags 
are set in motion. 


Mathematics of Investigation. 


Denoting the displacements of W and w by X and г respec- 
tively, and rigidity (extension per unit of pull) of cord by K. 
We have equations of motion 


Х=КР+г - - - - (1) 
cm (3) 
ах | | | E 
Pr (P-f)y 
ай — wo | | | | (3) 
At first z and f vanish. 
Then X-KP 
a X 
ex _ 97 
ав W 
CX Xo Pg og 
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The general solution consists of the complementary function 
and the particular integral. | 


LAUNCH VELOCITIES AND DRAGS 73 
Мг. Е. J. Shervell. 
То get The Complementary Function. 
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'. the general s. lution is 
WK =: PH _, -FK 
= 24 үу! t ЕК 
JEE ug sin (ff WK 8 {шг тутук) КЕ 
9 
Now when the tension P in the cord exceeds the limiting 
force f acting on w, the latter begins to move. At this instant 
let the velocity of W be V, and the time from the start t,. 
Subsequent motion is given by 
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This equation being of similar form to the previous one, the 
solution ean at once be written down by inspection, and is as 
given below : — 
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Prof. HiLLHoUSE: I am pleased that Mr. Ottewill has con- 
tributed to the discussion on the paper. Together we have 
launched many ships, and I am gratified to have his views, 
as he has had considerable practical experience in launching 
ships in narrow waters within the past four or five years. 

Mr. Riddlesworth draws attention to several aspects of the 
problem which are worthy of earnest consideration. One very 
interesting point, and one that I admit I entirely overlooked, 
is that when launching a ship the water displaced must rise 
to the surface. If the waterway is confined, so that the 
displaced water cannot escape, then it must rise to a greater 
height than the surface. If, however, the displaced water can 
readily spread over a large area, it is quite correct to say that 
that weight of water must be lifted from the centre of buoyancy 
to the surface level. The work so done should be taken into 
account in the formula connecting drag resistances and fall of 
centre of gravity of ship. Mr. Riddlesworth refers to the 
difficulty of obtaining reliable constants from actual launches 
when one is faced with the fact that, under approximately 
identical conditions, one ship moved 100 per cent. further than 
another. That I took as one of the worst examples, in the 
hope that somebody would explain how to get over the diffi- 
culty and show a method of estimating a little more closely 
than 100 per cent. As stated in the paper, the only explana- 
tion I can give of this particular discrepancy is that in one 
case the tide was lower than in the other, and the ship ran 
a longer distance before she met with resistance from the water. 
It would be interesting to study the retardation from the point 
of view of how far vessels run before they meet with water 
resistance, and it is quite possible that from the results 
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obtained one might be able to arrive at a better solution of 
the problem, and to predict the stopping distance within 
closer limits. Mr. Riddlesworth asks if any records have been 
taken with the apparatus carried on the ship with the cord 
attached to a fixed point on the ground. The records have 
always been taken on shore, and I am quite ready to admit 
that a long cord subject to vibration, one in which the tension 
is regulated by a hand brake, is not an entirely satisfactory 
method of measuring the speed of a ship, but it is the best I 
have been able to devise so far, and it certainly gives an 
apparently reasonable result. 

Both Mr. Riddlesworth and Mr. Shervell point out that 
ir it were possible to shift the time of application of the drags 
about a quarter of a second, in the case of the '' Tiger,” the 
retardation curve would be more consistent. I do not intend 
to argue about a quarter of a second, and am willing to adopt 
the suggestion to secure а much more satisfactory diagram. 
The method by which the moment of starting the drags was 
recorded is perhaps open to criticism. It comprised a little 
rat-trap arrangement held open by a cord tightly stretched 
and attached to the first link of the drags, the idea being 
that the cord, already in tension, would snap as soon as 
the link moved. Now it is quite possible that the drags might 
have moved five or six inches before they actually snapped 
the cord, because it is impossible to say exactly how much 
extra stretch would be required. | 

Mr. Shervell’s little investigation is exceedingly interesting, 
and he is kind enough to spare us the mathematics by which 
he arrived at his three simple equations. The result he brings 
out, namely, that his theoretical period was 1'9 seconds, 
whereas the recorded curve gives about 1:5, is, I think, a fairly 
good agreement when it is remembered that there are certain 
assumptions made as to the clastic force of the drag wire and 
other matters of that kind. A similar investigation had already 
been made to see if these wavy resistances could be due to 
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fluctuations in the speed of movement of the drags, and 
the conclusion then reached was that this explanation of the 
humps and hollows was a reasonable one, and I am glad to 
have Mr. Shervell’s corroboration. 

Mr. Martin refers to the practice of floating a large crush- 
able raft some distance from the stern of a ship for the 
purpose of bringing her up after launching. It is a method I 
never thought of, and am surprised to hear that it has been 
in use for about fifty years in Holland with great success. I 
should, however, rather fear the use of such a raft in con- 
nection with the launch of a very large vessel, because, unless 
it was extensive and easily penetrated before the ship was 
stopped, there might be danger of injury to the rudder or pro- 
pellers. I doubt if the method will ever be introduced on the 
Clyde, where tides would make it difficult to anchor a raft in 
proper position, and where the river traffic is great. 


A CONTINUOUS PROCESS FOR ROOT EXTRACTION 
BY CALCULATING MACHINES. 


By Dr. E. M. Новзвовсн. 


21st November, 1922. 


Now that calculating machines are employed so universally 
in business, their use in root extraction has come into notice. 
The ordinary methods of root extraction can, of course, be 
carried out, but the subsidiary steps involved are inconvenient 
to perform on a calculating machine, as they necessitate re- 
settings, and are not purely mechanical. Methods whereby the 
machine may work:as far as possible continuously, as in auto- 
matic division, are, therefore, to be desired. Such methods 
depend upon successive approximations by finite differences. 
The result sought does not lie between a succession of upper 
and lower limits, as in automatic division, but is approached 
continuously from a lower value. 

The tendency in the most recent types of machine is to 
replace by a keyboard the familiar arrangement of slots with 
their numbers and markers. This facilitates the setting of 
numbers, and appeals particularly to business workers. A 
well-known machine of this type is the Monroe. 

The methods described in the latter part of this paper may 
be employed on other machines, but they are very greatly 
facilitated by the presence of a keyboard. In a former paper* 
the action of the Monroe machine was touched upon, but at 
that time no illustration of the mechanism was available. In 
view of the utility of the Monroe for general caleulation pur- 


.* Transactions of the Institution, Vol. xiii, p. 117. 
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poses, and also from the novelty and simplicity of the parts 
employed, this is now added. Fig. 1. 

In setting a digit on a non-keyboard machine the operator 
requires to push a marker, which moves a pinion or finger over 
the whole range from 0 to the number set, which range is 
considerable for the higher digits. If such a setting is to be 
effected by a key-stroke, this length of stroke is a serious 
matter. The distance may, however, be greatly reduced by 
setting not from 0 as a datum point, but from 5. This arrange- 
ment is a fundamental feature of the Monroe, and was 
introduced by Mr. Baldwin. 

In the Monroe machine the counting device is spoken of as 
the selector gear, and is worked by two thin rotating bars, called 
selector bars. Here the stepped reckoner of the arithmometer 
or the variable-toothed wheel of the “ Dactyle '' or '' Bruns- 
viga ’’ is replaced Бу а pair of crown wheel discs. There are 
five equal pins on the left-hand disc, and four unequal stepped 
pins on the right-hand one. The pins project horizontally into 
the space between the discs. The setting of a digit less than 5, 
say 3, slides the right-hand disc to the left, in order that three 
of the stepped pins may gear with an intermediate wheel, so 
that on a turn of the handle 3 is conveyed to the counting or 
totalising wheel. If a digit greater than 5, say 8, be set, then 
the dise with five equal pins moves into position to the right, 
and at the same time the disc with the four unequal pins slides 
to the left, so that three of its pins are also able to engage the 
intermediate wheel. The rotation of the gear then advances 
the intermediate wheel by cight units, five from the equal pins, 
plus three from the unequal ones. These are carried by the 
intermediate to the counting or totalising wheel. The selector 
wheel, when the two dises composing it are pressed closely 
together, as when the higher digits are set, suggests the appear- 
ance of a very short squirrel-cage rotor, or of a lantern pinion. 
This gear is shown diagrammatically in pinion form by J, L, 
and N. 
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The method of setting the gear, which, as will be remem- 
bered, requires to be done by a key-stroke, is very ingenious. 
For each column of keys there are two light selecting bars, 
A and B, which lie in the bottom of the machine. For sim- 
plicity two keys, C and D, of the column only are shown, the 
latter in its depressed or working position. The forked ends 
of the keys are shaped into slanting edges or cams, E and F, 
which can engage with corresponding lugs or projections on 
the selector bars, A and B, rotating them when the keys are 
depressed through small angles about the axis G, corresponding 
in value with the digit struck. The rear end of each selecting 
bar, such as В, has an extension Н, whose rotation slides 
the gear into the required position. 

The full detail of the stroke may now be followed. On 
depressing key D, which should register 8, the cam E rotates 
the selector bar A inwards or to the right, about its axis G, 
and so, through the extension H, slides the five-pin dise N to 
the right on the driving shaft K. At the same time the other 
cam F on the key D rotates its selector bar B inwards or to 
the left, and so its extension Н! slides the four-pin dise J 
along the driving shaft K to the left. 

At this stage the gear is ready for rotation. On turning the 
handle Q the shaft K turns, and the intermediate wheel M 
engages with 5+3 pins, and so adds eight to the totalising 
or registering wheel P. 

If, on the other hand, a digit less than 5 had been struck, 
say 3, the depression of the key would not operate the five-pin 
disc at all, as there would be no Е cam on this key stem, 
but the Е cam would slide the four-pin dise, so that three 
pins would be ready to engage with M. 

The carrying of the tens occurs during the latter part of 
the turn of the crank handle, immediately after the selector 
mechanism has operated. Whenever a zero on the number 
wheel passes through the result dial, a pin on it strikes down 
a stud at one end of a lever carried on a fixed axis in the body 
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of the machine. The other end of this lever pushes forward 
a sliding tooth into the next higher compartment, so that this 
engages the next higher number wheel, and pushes it forward 
one more step or unit. These extra sliding tecth are carricd 
on а group of revolving vanes, set each in advance of the other, 
so that the carrying may be successive and not simultancous. 
The extra tooth is snapped back as soon as it has done its 
work, and the lever with the stud upon it comes back to its 
original position, ready for the next turn of the crank handle. 
The general simplicity of the machine when opened up 1$ very 
striking. It is said to have fewer parts than an ordinary type- 
writer. 

Another feature which adds to the efficiency of this machine 
i3 that all mechanism has been removed from the carriage 
except a set of pinions and, of course, the number wheels. 
This keeps the carriage light and easy to manipulate. 

Square Root. If yN be required and n be the leading digit 
(or group of digits) in the result, we require first to subtract 
by a continuous process n? from N on the machine. This is 
done by using the series Х(2п – 1) =п?, i.e., by subtracting 
successively 1, 3, 5, . . . . (2n— 1), by subtractive turns of 
the crank handle. To effect this, place N in the result dials, 
depress 1 on the keyboard, and give a subtractive turn 
to the crank. Then continue to increase the keyboard 
number by the constant difference 2, giving a subtractive 
turn after each increase. In this way the successive terms 
1+8+5+ .. +(2n—1)=n? are duly subtracted. This deter- 
mines n, which is recorded on the quotient dial. This con- 
cludes the first stage of the work, as no further subtractions 
сап be carried out. The number (2n-— 1) is left on the Fey- 
board, and the carriage requires to be shifted. As the next 
operation is to subtract (10n+1)? less (10n)?, i.e., (20n+1), 
the rule for manipulation may be stated as follows:—To the 
last keyboard number add 1, shift the carriage one step to the 
left, and add 1. This gives 10 ( (2n—1)+1} +1, or 20n+1. 
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This is the next number to be subtracted by the crank handle. 
The second cycle of operations is then continued like the first, 
` ie., by adding the constant difference 2 to the keyboard 
number, and giving a subtractive turn after every such 
addition. 

Аз a numerical example, take y N= м (5, 87, 81, 24). The 
successive steps can now be understood in the following 
scheme. The horizontal line shows where the carriage is 
moved. (See next page.) 

Cube Root. In endeavouring to evaluate YN the first step 
is to subtract n? from ЇЧ, where n is the first digit in the result. 
Forming the difference tables of the cubes of the natural 
numbers, we have— 


n n? A А? A3 
1 1 
7 

2 8 | 12 

19 6 
3 27 18 

87 6 
4 64 24 

61 б 
5 125 30 

91 
6 216 

6(n + 1) 


| .  (8n?-8n +1) 

т n? 
To subtract n? from N, depress 1 on the keyboard and subtract 
it from N by turning the crank. Then 1 appears on the 


quotient dial. Operate now by multiplying the dial number 
by 6, add this by depression to the keyboard number, and 
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KEYBOARD. NUMBER. 
A/(5, 37,31, 94) 
1 = 1 
4 
1--2 = 3 
1 


3. add 1, shift the 137 
carriage, and add 1. 


(3+1)10+1 = 41 
96 
41 +2 = 43 
` 68 
4342 = 45 
8 
45. add 1, shift the 831 
carriage, add 1. 
(45 + 1)10+1 = 461 
| 370 
461. add 1, shift the 37024 
carriage, add 1. 
(461--1)10--1 = 4691 
32403 
4621+2 . = 4693 
27780 
4623 + 2 = 4625 
23155 
4625 + 2 = 4627 
18528 
4627 + 2 = 4629 
13899 
4629 +2 = 4631 
9268 
4631 + 2 = 4633 
4635 
4633 + 2 = 4635 


QvoTIENT DIAL. 


1 


The vale is 2818. 
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subtract this from N by a subtractive turn of the crank. Con- 
tinue this process. The numbers subtracted successively are— 


1 = 1 = [> 
6х1+1 = 7 14722 
бх2+7 = 19 1+7+ 19 = 33 
6x38+19 = 37 1+7+ 19+ 37 = 43 
6+4+37 = 61 1+7+19 +87 +61 = 5° 
Ete. Ete. 


These numbers consist of the leading figure of the n? column, 
and the table of first differences. Their sum gives the cubes 
of the natural numbers. In this way n? is subtracted from М, 
and also n is recorded on the quotient dial. 

The last difference left on the keyboard is 3r – 3» +1, and 
the aim is to get (10n + 1}: less (10n)?, or 3(10n)? + 3(10n) +1. 
Consider Зп? —3n +1. Deduct 1 and shift the carriage one step 
to the left, so beginning the second cycle of operations. This 
gives 3(10n)?—30(10n). Add to this, by depressing the keys, 
the three numbers 30(10»), 3(10n), and 1. This gives 
3(10n)? + 3(10n) +1 on the keyboard as required. Deduct this, 
as in the first cycle, by a subtractive turn of the crank. The 
number in the quetient dials, (107), is now increased to (10n + 1). 
Multiply the dial number by 6, and add to the keyboard. 
Subtract by a subtractive turn of the crank, and continue this 
till the second digit is obtained, when no further subtraction 
can be carried out. 

The rule for operating can now be expressed in words. 
Multiply the dial number by 6, and add to the keyboard. 
Subtract by a subtractive turn of the crank. Continue this as 
long as possible, till the carriage requires to be shifted. At 
this stage subtract 1 from the keyboard number, shift the 
carriage, and add 1; also add 30 times the dial number plus 
three times the dial number. These are merely depressed by 
the keys, and are obtained immediately. Subtract by a sub- 
tractive turn of the crank. Then multiply the dial number by 
6, and subtract. Continue this operation. 
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Аз an example, find 2/1 160, 279, 981, 568). The detailed 
working is shown in the following scheme, in which the 
horizontal line shows where the carriage is shifted :— 


KEYBOARD. NUMBER. QUOTIENT DIAL. 
у { 160, 279, 981, 568 } 
1 = 1 
159 
6х1+1 = 7 2 
152 
6x2 + 7 = 19 3 
188 | | 
бх3+ 19 = 37 4 
96 
6x4+37 = 61 5 
85 
61 subtr. 1, mult. Бу 100. 385279 50 
= 6000 
add 1 = 6001 
add 80x50 = 1500 
add 8x50 = 150 
7651 = 7651 51 
51хб = 306 27628 
1957 79517 52 
52x6 = 312 19671 
8269 8269 53 
58х6 = 318 11402. 
8587 8587 54 
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KEY BOARD. NUMBER. ОсоттЕхт DIAL. 
8587 subtract 1 2815981 54 
mult. by 100 = 858600 540 
add 1 = 858601 
add 540x80 = 16200 
add 540x8 = 1620 

876421 = 876421 541 
541 x6 = 3246 1939560 

879667 = 879667 542 
542 x 6 = 3252 1059893 

882919 882919 543 

176974 

882919 subtract 1 176974568 543 
mult. by 100 = 88291800 5480 
айа 1 88991801 
add 5480х80 = 162900 
add 5430 х8 = 16290 

88470991 = 88470991 5481 
5431 x 6 = 32586 88503577 


88503577 88503577 5432 


The value is 5482. 


Combined Methods. Though keyboard machines may be 
uscd conveniently in this manner for root extraction, their 
unaided use is not the most satisfactory for the occasional 
worker, as he might forget the rules. For accurate and rapid 
work it is best for him to use a combination of the machine, 
tables such as Barlow’s, and the formula for the binomial 
expansion. This is written in the form— 
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n = ND 
d - Ж LUUD е 
where z is a small fraction. 

The arithmetical work is simplified by using Barlow’s tables 
as an inverse table, so that for finding the square root of a 
number N, of more than four digits, the table would be entered 
in the column of squares, so that the square root of N to four 
digits, n, would be found in the first column. 

Thus N=n?+a where a is small as compared with n?; so 
that 


(0 +=)" =1+их+ 


y N =n (1 + Shan (1 +.) 
where =. 
11 


“Hence /М=п(1+%-{4+{{45+....) 


In many cases the first three terms would be sufficient. 
This is shown clearly by an example. 

Find J N= J {795 31 24-68 00 34 56 78}. 

Entering Barlow’s tables for squares, we find— 


УТ, 95, 24, 00} = 2820. 


Using the index notation for the square root, we have 
J N = {7 95 24 00+ 724-68 00 34 56 7814 


бірі n 724 68 00 34 56 78) 2 
= AONE 1953400 — ) 
= 282011 + -00009112721123} 
by a few turns of the crank. 

Taking the first three terms of the expansion, and noting 
that the first two are given by inspection, while the third, 42°, 
13 immediately evaluated by the machine, we have 

1:00004556360561 
JN = 28201 _ ‘000000001038027 
= 2820 ( 100004556256759) 
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which is immediately computed by the machine ав 
2820: 128486440604. 


Rejecting the last four figures owing to the approximation used 
and the capacity of the machine employed, we have 


V N = 2820: 128486441. 


Cube Root. The cube root is extracted in the same way. 
Putting n= in the binominal formula, we get 


(1+4) =1+‡ 2-2 qq dy e sis 
Hence to evaluate 
УМ = 4/1123 456 789 123} 


we have on entering Barlow’s tables in the column of cubes 


VN - М = (123 431 605 739 + 25 183 384)? 


95 183 384 y 


=4979(1 + 133 431 605 739 


— 4979 (1 +-000 204 027 031)3 


where the decimal is found as before by a few turns of the 
crank. 

Hence on taking the first three terms of the expansion and 
evaluating 12? by the machine, we have 


yN- 4979(! +0000 6800 v 


- “0000 0000 4594 
—4979( 1:0000 6800 4286) 
= 4979:33859888789 


or to twelve figures, as only a third approximation was taken, 


V N = 4979°33859384 


Higher roots or any fractional power of a number may be 
obtained in this manner. 
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Discussion. 


Mr. James Warr (Member): I think all who have anything 
to do with the operation of calculating machines look up to 
Dr. Horsburgh with awe owing to his deep knowledge of the 
extremely intricate anatomies of these machines. I do not 
pose as an expert on this subject, and confess that I cannot 
personally manipulate a calculating machine, having only 
a hazy notion of its internal mechanism. Nevertheless, in 
the department under my supervision, I have had installed a 
machine which is used with every success for technical work. 
Consequently, I am at least directly interested in the results 
obtained from its use, and a few remarks on my expcrience, 
admittedly as restricted to a particular class of work, may be 
of interest. 

The extraction of square roots, and more particularly cube 
roots, by means of a calculating machine has always appeared 
to me a most laborious and trying operation, and in our work 
we have hitherto found it expedient and quite satisfactory to 
short-circuit this class of calculation by simply reading off from 
a slide-rule, or from suitable tables, an approximate value for 
the root, checking this by multiplying back on the calculating 
machine, and, if necessary, in this way refining the result a 
little by trial and error. This rough and ready method has 
been found to meet particular requirements, for if the final 
results are correct to three figures they are found to be suffi- 
ciently accurate, approximating first-class slide-rule work. As 
in many cases it is undoubtedly necessary to work to a much 
closer degree of accuracy, I appreciate the value of the methods 
now introduced by Dr. Horsburgh. Instances I have in mind 
might be met in land-surveying, or in engineering in setting 
out the centres of gear wheels located at the ends of the 
hypotenuse of a right-angled triangle. In such cases the 
methods advanced by Dr. Horsburgh would undoubtedly be 
of great assistance, and I am particularly impressed by the 
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fact that, for the extraction of cube roots, he has found it 


possible to dispense entirely with the intricate tables of 
“ divisors " and ‘‘ accumulations ° which, as far as I know, 
have hitherto been necessary for this class of calculation. 

Dealing with the alternative method recommended by Dr. 
Horsburgh for use with a machine of the keyboard type, it 
must be borne in mind that the calculating machine operator 
13 very unlikely to be a trained mathematician, and because 
of this I think the fact that Barlow’s tables and the binomial 
theorem are used rather detracts from its value. Perhaps 
Dr. Horsburgh might explain rather more fully the operations 
which ought to be carried out; a further favour would be con- 
ferred if he would explain a little more in detail the machine 
operations by which the first methods could be performed by a 
machine of the keyboard type. I desire to thank Dr. Horsburgh 
for his two very interesting contributions to the recorded 
information regarding calculating machines. I refer, of course, 
to his previous paper as well as to the one before us this 
evening. 

Dr. Новввувон: My present paper is confined strictly to 
three subjects; (1) the description of a new and highly 
efficient calculating mechanism, (2) the demonstration of 
a general method of continuous root extraction, which can 
therefore. if desired, be embodied in a machine, and made 
automatic, as in the case of automatic division machines, 
and (3) a brief remark on the use of combined methods in 
root extraction for the ordinary calculator. 

There are many calculatmg machine experts who devote 
the whole of their time to operating a particular machine. 
The speed with which they can obtain results is often mar- 
vellous. To them this method (2) will appeal. But for the 
ordinary worker, who only uses a machine from time to time, 
this method is not the best. In this case the computer 
simply turns up tables such as Barlow’s, either as a direct 
or as an inverse table, which is much better than using a 
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slide rule. If he wishes a very accurate result he uses Bar- 
low’s tables together with the binomial expansion, as indi- 
cated in the paper. This applies to all fractional indices, 
and it is often simpler than using logarithms. 

By the keyboard type of machine I mean a calculating 
machine with a keyboard, as distinct from a keyboard adding 
machine, such as the Comptometer or (small) Burroughs. 
These latter machines, though extremely valuable, com- 
paratively cheap, and the best for certain classes of work, 
are more restricted in their applications than the former. 
The schemes I have shown in working out two examples 
display all the numbers which flow through the machine, 
and the study of the first column gives in the shortest space 
all the working that is required. I prefer the crank machine 
` for such work rather than the addirg machine. This, how- 
ever, may be personal prejudice. 

Mr. Watt’s concluding remarks raise the very important 
subject of calculation in general for engineers. The engi- 
neer, or more generally the arithmetician, wants his results 
with the least expenditure of brain energy. How, then, 
should he proceed? It is by the judicious and combined use of 
arithmetic, graphic methods, mathematics, slide rules, tables 
of all kinds, instruments of calculation, and calculating 
machines. Members of this Institution may be referred to 
the Napier Handbook as a text-book of modern instruments, 
tables, and methods of calculation. It is a pity that com- 
puters are not taught calculation after their school days. 
But any attempt to deal with this subject now would be out 
of place, as it would lead to a lengthy paper. 
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THE structural design of ships has now reached such a stage 
of efficiency that the stress induced on the main structure when 
among waves of the length and height usually met with in 
service, is seldom primarily responsible for damage to the hull 
structure of most classes of ships. The conditions of loading, 
etc., and nominal stresses in the ordinary cargo ship have 
been the subject of many investigations, the results of which 
have established a fairly sound basis for their anticipation. 
During recent years, however, occurrences have taken place 
which suggest that changes in design and disposition of 
weights induce new conditions for which the structure, based 
on the general conclusions of past investigations, may not be 
immune from unsatisfactory stress results under special 
service conditions. For instance, the number of vessels 
specially designed for the carriage of oil in bulk has so 
increased, and they have developed into such a peculiar type, 
when viewed from a longitudinal strength point of view, that 
it was thought the particular investigation of the effects of 
variation of the disposition of weights might prove of interest 


94 THE LONGITUDINAL STRENGTH 


and value to those interested in the subject. This type of 
vessel is subject to damage from longitudinal weakness, 
and although, in the majority of cases where damage is 
broadly described as caused from ‘‘ heavy weather," it is 
impossible to state definitely that the ships in question were 
deficient in longitudinal strength, there has been sufficient 
suspicion to warrant investigation. 

It has been stated on more than one occasion before this 
and kindred Institutions that the greatest stress to which 
vessels of this type are subject results from a sagging-moment, 
and calculations show that the hogging-moment is usually 
about 50 per cent. of the sagging-moment in full-load con- 
dition. A vessel with steam machinery aft showed a hogging- 
moment of only 32 per cent. of the sagging-moment, while 
the maximum sagging-moment was somewhat increased above 
the average moment upon which scantlings are usually based. 
On account of the foregoing, consideration of the following 
cases has been restricted to the sagging condition. The results 
are obtained from detailed calculations for a vessel with the 
following dimensions and particulars : — 


Feet. Inches. 


Length 425 0 

Breadth 56 8 

Depth 93 0 

Draught 26 14 mean moulded. 
Block coefficient :789 
Deadweight 9,470 tons. 
Displacement 14,180 tons. 


A wave of length equal to the length of the ship and of height 
equal to one-twentieth of the length has been used in all cases. 
The distribution of weights for the fully-loaded condition, to 
which the given displacement corresponds, is shown in Fig. 1. 
All stores and fuel are assumed to be on board. The vessel 
is fitted with internal-combustion engines situated at the after 


| 
| FULL LOAD CONDITION, 
MAX. B.M. (sasGING) 140200 FONS 


МАХ. S.E (гор? ) ! 260 Tons. 
(ИР 14,180 Том5 


DRAUGHT | MEAN.) 26'~ 15" M2 
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ега, as is usual in bulk oil carrying vessels. Fig. 1 shows 
the curves of bending-moments and shearing-forces, and it will 
be seen that the maximum moment amounts to 140,200 foot- 


tons, or, expressed in a manner which admits of comparison 
Assuming that zT 
represents an average figure for cargo vessels of ordinary type, 
this means that the stress to be anticipated in this case would 
be about 80 per cent. of the normal. It should be noted, of 
course, that this normal stress is usually induced by a 
hogging-momerit in the ordinary cargo ship, as against a 
sagging-moment in this case. 

For all practical purposes, this may be taken as the worst 
condition, as investigation showed that the bending-moment, 
although having at first a slight tendency to increase as weight 
was removed from the ends, diminished rapidly on the further 
removal of weights, consequent upon the decrease in draught. 

An investigation was then made of the effect of a slight 
reduction in the block coefficient, and the results are indicated 
in Fig. 2. It was considered that this reduction could only be 
small before departing from the ship form likely to be used 
in vessels of this type. For this reason, and with a view to 
maintaining as great a length of parallel middle body as pos- 
sible, practically all the fining was carried out on the end 
sections, the midship sectional-area coefficient being unaltered. 

The only modifications made were necessitated by the actual 
reductions of the block coefficient. These consisted of slight 
reductions in the hull weights and the deadweight, but the 
machinery weights were left unchanged. These modifications 
were relatively small, and have not been reproduced in Fig. 2. 
They were of such a nature that the general distribution of 
weights was not altered materially, and the results are almost 
directly comparable with that given for the parent ship. It will 
be observed that, the procedure adopted has had the effect of 
making a reduction in the coefficient have a considerable effect 


with the ordinary cargo vessel, 
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in reducing the bending-moment. It is probable that in the 
actual design of vessels of this type the foregoing conditions 
would not be adhered to in all respects, but the assumed con- 
ditions are not beyond the bounds of practicability. It is worth 
noting in this connection that the Freeboard Regulations take 
the effect of block coefficient into account by increasing 
draught, in so far as the block coefficient affects percentage 
reserve buoyancy. 

In this case, the fact that the draught was increased, while 
making the results more easily comparable and maintaining 
practically the same deadweight, brings into question the pos- 
sibilities of obtaining the draughts indicated. It would 
appear, however, that by increasing the sheers and the 
effective length of erections, together with the reduction in 
freeboard obtained by the use of a smaller coefficient, the 
draught might be obtained without material alteration in the 
amount and distribution of weights. In any case, the results 
serve to show the tendencies when the reduction of block 
coefficient is carried out under the foregoing conditions. 
Examination of the variation in bending-moment thus obtained 
shows that the reduction of block coefficient in the oiler type 
has a greater reducing effect on bending-moment than in the 
general cargo-carrying vessel. This is primarily due to the 
difference in method of fining the lines. 

It is evident from a broad consideration of the whole problem 
that the relation between the draught and the mean height 
of the cargo, in other words, the concentration of the cargo 
in the midship portion of the ship, is the important factor in 
altering the sagging-moments and stresses. 

Figs. 8, 4, and 5 show the effect of varying the concentration 
of eargo in the ship considered in the first case. The weights 
remain constant, but the bulkheads at the ends of the tanks 
are brought nearer to the centre of the ship and the level of 
the cargo correspondingly increased. Fig. 3 shows the results 
obtained when the level of oil in the expansion trunk is raised 
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two feet. It should be explained here that, the specific gravity 
of the oil was such that in the first case, 1.е., as shown in Fig. 1, 
the oil level was at the bottom of the trunk and the summer 
tanks full. This is shown in Fig. 6, as are the levels in the 
additional cases given. After a further rise of two feet, the 
distribution and results are shown in Fig. 4, and again, 
after a rise of four feet more, in Fig. 5. These results show 
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values of C in B of 40, 87:8, and 88:8 respectively, com- 


pared with 48 for C as obtained in the original ship. 

Two methods of expressing these results were available, 
between which there was not a great deal to choose. One was 
to relate them to the length of the vessel over which the cargo 
was distributed, and the other to relate them to the ratio of 
the mean height of cargo to the draught. The latter method 
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has been adopted. In either case, it should be noted that the 
specific gravity of the oil has an effect on the results given. 
The oil in this case is taken at 40 cubic feet to the ton. 
Obtaining the mean height of oil and dividing by the draught, 
the same in all the cases given, this ratio is in the original case 
1:082, and 1:18, 1:165, and 1:27 respectively in the others. 
When the values of C are plotted on a base of values of this 
ratio, the results show a fairly regular variation, and the curve 
obtained is shown in Fig. 7. It may be suggested that the last 
case is extreme, and in well-designed oil-carrying vessels this 
would be so, but the authors have knowledge of a particular 
case where the value of C is even lower, so that where designers 
are not alive to the danger, cases even more severe may arise 
in practice. 

With further reference to the case of a vessel where steam 
machinery is fitted, it is found that unless satisfactory dis- 
tribution of the cargo from a trim point of view would permit 
of its being shifted forward bodily, the increase in length of 
machinery space would tend to increase the ratio of height of 
oil to draught, and thus to increase the bending-moment. In 
one case investigated, this effect was apparent, and the 


maximum bending-moment in full-load condition was 37 


It is not proposed to discuss the application of these results 
to existing practice when they are translated into nominal 
stress figures. The authors are content to point out that types 
exist which show a probability that the primary stresses in the 
full-load condition may be of opposite sign to those found in 
ordinary cargo ships, and even greater in magnitude, par- 
tieularly where weights are concentrated in such a fashion as 
is found in bulk oil carriers. It will be realised that the fore- 
going is an analysis of only a portion of the subject, but it 
serves to indieate that this and other aspects of the problem 
would repay further investigation. 


100 THE LONGITUDINAL STRENGTII 


Discussion. 


Мг. W. Н. RippLEswonTH, M.Se., M.Eng. (Member): The 
authors deal with two variations in the bending-moment on a 
ship, one due to an alteration of the block coefficient, and the 
other due to an alteration in the distribution of the cargo. In 
the latter case two portions of the cargo are taken out, one from 
each end of the cargo holds, and an equal weight is spread сует 
the midship portion of the ship. To attack a problem like tkis, 
by laboriously drawing out load, shearing force, and bending- 
moment curves, is, I contend, a great waste of energy, because, 
once having got the original bending-moment curve, the 


Fig. 8. 


modifieation due to any such alteration of loading ean be got 
by a very simple arithmetical process, and an arithmetical 
proeess that, up to a certain point, has to be gone through in 
any ease. Fig. 8 illustrates the alteration in question, cargo 
of the amount represented by the hatehed areas below the line 
is removed and replaced by an equal amount as represented 
by the hatched areas above the line. The necessary 
arithmetic required is to ensure that the amounts removed and 
replaced are equal, and that their combined moment 18 zero. 
If moments be taken about an axis passing through the centre 
of gravity of the ship, then the alteration in bending-moment 
is very approximately the combined moment of the removed 
and replaced weights on either side of this axis. І would 
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suggest that the authors, гіп ‘any further investigations, should 


make use of this method. Ed ЕЕ 

Mr. W. G. CLEGHORN, B.8e.- (Associate Member): The 
authors have investigated the ейсо of a variation of block 
coefficient and a variation of loading on slongitudinal strength. 
In the former investigation the midship-secéion i is maintained 
constant, and the bending-moment is taken ав a criterion of the 
strength of the vessel. In the latter investigation, hewever, the 
midship section is varied by the extension of a ‘think, which, 
I presume, will contribute to the longitudinal strength, I 
should like to ask the authors if the alteration of ‘seston 
modulus in the vessels with the larger depth of cargo to draught: | 
ratios has been taken into account, as it would appear to modify 
to a small extent the disadvantages of these types. 

A valuable extension of this paper would be an investiga- 
tion into the effect on strength of shortening up the vessel, 
maintaining the displacement constant by a proportionate 
increase of breadth and depth. Ап clemental considera- 
tion of the problem indicates that with the bending-moment 
varying as the length, and the section modulus varying 
as the square of the depth, the stress would be reduced in the 
ratio of the square of the lengths. Conversely, if the stress 
is maintained constant, the thickness of steelwork contributing 
to longitudinal strength mey be similarly reduced. It has pre- 
viously been indicated that, for the type of ship under con- 
sideration, a shortening of the vessel is generally accompanied 
by economy in operative costs, and I think it is worthy of note 
that, from the strength point of view also, the shorter vessel 
shows up to advantage. 

Mr. J. Foster Kine, C.B.E. (Member): I feel that this 
paper by Messrs. Thomas and Turnbull presents several 
features which are almost remarkable; the authors have 
presented their subject in simple language, have expounded 
the results of a large amount of detail work without finding 
it necessary to fill several pages with algebraic equations, and 
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have left us in the happy position -of having nothing to criticise. 
I can, therefore, only endeavour to express some phases of 
my own experience which stem’ relevant to the paper, and to 
emphasise my view that’ the:authors of all such papers should 
adhere to the policy- adopted in that under discussion, where 
it has been carefully: паде clear that none of the stated par- 
ticular results are -hecessarily applieable in a general sense, 
but arise. cut "ef the particular assumptions and conditions 
which kavé- been considered. It is well to stress this point, 
because ‘shipbuilding is probably the most conservative of all 


ithe arts and sciences; and even its technical side is a good deal 
‘under the influence of conventional ideas. During my profes- 


sional career the question of longitudinal stress has passed 
through the same phase at recurring intervals; at each interval 


. papers are read which expound the results of the examination 


of particular cases or particular assumptions, and are held to 
support the popular conclusion that fine ships may, on the 
whole, be built of less strength than full ships of the same 
dimensions. Even the present authors' reference to ''the 
reduction of block coefficient in the oiler type having a greater 
reducing effect on bending-moment than in the general cargo- 
carrying vessel’’ might be held to mean, as has recently been 
assumed in the technical press, that it is an established fact 
that bending-moments always become smaller as ships become 
finer. I am still sceptical on this point, and 33 years ago I 
ventured to differ from the popular view that form quá form, 
excluding all other considerations, does have the effect of 
reducing bending-moments in terms of coefficient of fineness. 
A series of calculations, in which no change was made in the 
disposition of fixed weights like machinery, etc., were there- 
fore made, and starting with an ordinary awning-deck ship 
of that date, having fine bilges and about "68 coefficient, it was 
found that so far from the hogging-moments being increased 
by increasing the displacement coefficient to “72 and ‘8 respec- 
tively, they remained practically stationary. Another series of 
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the same order, but with full scantlings and flush-deck draught, 
gave similar results, and when the Smith correction for virtual 
pressure was applied to both series, it was found that the stress 
with `8 was 5 per cent. less than with ‘63 coefficient. 

The data which has been acquired by the British Corporation 
Registry, thanks to the kindness of shipbuilders and the facili- 
ties offered during 30 years, also show that, on the average, 
the greatest hogging-moments are more likely to be found in 
the finest than in the fullest ships. The object of my observa- 
tions is to suggest that there is as yet no proof that reduction 
in displacement coefficient necessarily reduces bending- 
moments in service conditions. Аз is said at the end of the 
paper, the present investigation only touches the fringe of a 
subject which would involve the Jabour of years for all here 
present, to express the effect of such infinitely variable things 
as form and disposition of weight, in terms of stress. 

The important feature of the paper is its bringing home of 
the fact that, under conditions which would hitherto have 
excited no remark, sagging-moments may occur which exceed 
the standard found to be a satisfactory guide to classification 
societies. Recent circumstances seem to have awakened a 
public desire to be taken into the confidence of the classifica- 
tion societies in such matters, and I may explain that, so far 
as our experience has gone, our 30-year-old standard has 
proved a satisfactory guide for hogging-moments on ordinary 
and even extraordinary ships. It is based on a bending- 
moment expressed by 

‘75 Length? x Breadth x Draught 
85 x 85 


' L 
while an approximate value for stress corresponds to 5(1 + го) 


These equations form the real basis of the 5 standard adopted 
by the 1916 Load Line Committee, and it may be remarked 

that it provides a satisfactory guide for even the lightest 
` classes of ship. 
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The authors’ analysis gives a shock to the conventional idea, 
derived from past experience, that we need not expect the 
sagging-moment to be much more than half the hogging- 
moment, and if it should be more, that the marvin between 
sagging- and hogging-moments is such that the former may be 
neglected when assessing topside scantlings. It is true that 
there have been periods of unrest, say about 15 to 20 years 
ago, when ballast trips first came into ordinary modern practice 
and buckling of light deck-plating was not uncommonly found 
where inferior dispositions of material were praetised, although 
our own experience was satisfaetory evidenee of the wisdom 


of obtaining good Y "nues from thick deck-plating. That 


phase seems to have passed, but there is a new manifestation 
of sagging-stresses, not only in the examples given by Messrs. 
Thomas and Turnbull but in several other types of ship, and 
particularly in ore ships. Mr. Palmqvist read an instructive 
paper in Sweden on the disposition of weights in ore ships, 
which was reproduced in the technical papers in this country, 
and recently we had a passenger ship which was so affected, 
under quite ordinary but severe conditions of loading and 
weather, that the expansion joints were severely compressed ; 
so that there is evidence of something more than mere local 
questions being at issue. The truth seems to be that the 
changes in model, in disposition of weights, and in service con- 
ditions, which have occurred during a generation, have also 
brought sagging-moments into a prominence which may require 
even greater attention, as a general question, than has recently 
been given to it in our rules. The cxamples erystallised by 
the authors, and from which naval architects derive the benefit 
of seeing the obvious after its expression, are cases which may 
be expected in practice; as a matter of fact, in a recent case 
the ratio of height of cargo to draught excecded the highest 
in the authors’ curve of ratios, and induced serious trouble, 
although the structural strength of the ship exceeds the 
standard which long experience has proved to be more than 
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enough for previous worst conditions. I do think that this 


illuminating paper, in the sense of new light having becn 
thrown upon a subject of great practical importance, is a very 
valuable addition to the transactions of the Institution. 

Mr. фону ANDERSON (Member): The authors give very 
instructive information on the variations of sagging-stresses 
which may result from different distribution of loads, and, as 
is shown, these stresses may be increased to the extent of 29 per 
cent. due to the concentration of cargo. The other important 
point to which attention is drawn is the very low ratio of 
hogging- to sagging-stresses when the machinery is placed aft. 
These conclusions form further additions to the long list of 
serious objections already collected by designers against placing 
the machinery of tankers at the after end. Fifteen years ago 
i$ was common practice to place the machinery amidships, but 
on account of the structural defects which developed, due to 
the inability to continue the middle-line bulkhead in way of 
the single-screw machinery, the present practice was adopted, 
at the expense of a considerable loss of capacity, in order to 
obtain proper trim when loaded with oil (which is a purely 
homogeneous cargo), or considerable additional expense in the 
construction of additional expansion trunks in order to provide 
the necessary capacity for the cargo. 

In view of the fact that the authors have premised that 
the vessel under consideration is to be propelled by oil engines, 
I believe it would have added greatly to the value of their 
paper if they had assumed that the machinery would drive 
twin screws (which is a most likely condition for the 3,000 
horse-power which is usually associated with this size and type 
of vessel), and then shown the difference in stresses between 
placing the machinery aft and amidships respectively. It will 
be seen that with twin serews it would be possible to arrange 
the middle-line bulkhead continuously throughout the engine 
space with only the necessary openings for communication, 
and this disposition would carry with it all the technical 
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advantages which I have already described, and would also give 
a much better balance between the hogging- and sagging- 
stresses. 

Mr. GEORGE Jounson, B.Sc. (Member): The authors state 
that the ship in the full-load condition, and in the hollow of 
the wave, may for all practieal purposes be taken as the worst 
condition with respect to structural stresses, and they leave 
one with the impression that the hogging-moment will be about 
90 per cent. or less of the sagging-moment.  Confined to the 
load condition, this is true enough; but this type of vessel has 
to make the return journey to its loading port in a ballasted 
condition, in which three or four of the cargo oil tanks are filled 
with salt water. Under such conditions it is quite possible to 
have hogging- or sagging-moments which are greater than the 
sagging-moment in the load condition. 'The substitution of salt 
water for oil in the tanks increases the mean depth of cargo 
to mean draught (if the mean depth of cargo be corrected for 
density), which tends to make the conditions more severe. 

In the case of a vessel with which I am familiar the bending- 
moments were caleulated for various ballasted conditions. In 
one condition where four out of the eight tanks were filled with 
salt water, the hogging-moment was found to be 6 per cent. 
greater than the sagging-moment for the ship in the load con- 
dition. In another condition, in which three of the tanks were 
filled with salt water, the sagging-moment was 12 per cent. 
greater than the corresponding moment in the load condition. 
For the load condition, it is undoubtedly true of this type of 
vessel that the sagging-moments are greatest; but the condition 
that is worst for sagging is generally good for hogging. After 
taking into aecount all reasonable conditions of loading, it will 
be found that the excess of one type of bending-moment over 
the other is not very great. 

With reference to the results embodied in Fig. 7, I agree with 
the authors that, the variation of virtual mean depth of cargo 
to mean draught is as much a matter of density of cargo as 
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of ship design. If for a certain depth of ship the greatest 
draught allowed by the freeboard tables is demanded, then 
the ratio is fairly well fixed, because for stability reasons it is 
desirable that the level of the oil should be about the mid- 
height of the expansion trunk. The original level, shown in 
Fig. 6, would, I think, be rather risky as & sea-going condition. 
One would gather from Figs. 6 and 7 that the shelter-deck type 
of oil tanker is at & disadvantage, owing to the larger ratio of 
mean depth of cargo to mean draught which is possible; and 
that the best type is the one which has the minimum of reserve 
buoyancy required by the freeboard tables. 

Dr. J. Brunn (Member): All who have had experience with 
tank vessels are probably fully aware of the fact that such 
ships are exposed to greater longitudinal strains than ordinary 
cargo ships of the same size, with the cargo reasonably dis- 
tributed. The explanation is probably in the main that the 
cargo in a tank vessel is concentrated over a shorter length of 
the ship than it is in the case of an ordinary ship. As the 
sagging-moments are by far the most severe ones on a tank 
vessel, it is fairly clear that the shorter the length over which 
the cargo is concentrated the greater will be the stresses on 
the upper deck. I take it from the authors’ statements that 
there have occurred cases where consideration has not been 
given to this point, and it may, therefore, be desirable to draw 
attention to it. I do not quite agree with the authors in their 
statement that hogging-moments are the greater ones for 
ordinary cargo ships. I think the sagging-moments are even 
for those ships, particularly when of full form, usually the 
greater ones, but experience shows that the sagging-moments 
are still greater for tank ships, and for that reason the Det 
Norske Veritas ask for about 10 per cent. more strength in the 
topsides, including the deck, of a tank ship than in the topsides 
of an ordinary cargo ship. 

There is the point too to bear in mind that, even where the 
portion of the length of the ship over which the oil tanks are 
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arranged is the usual, it is impossible to be sure that the 


weights in the ship's ballasted condition will be distributed 
over an ordinary percentage of the length of the ship. I am 
inelined to think that masters of tank vessels do not always 
appreciate fully the straining to which the strueture amidships 
шау be subjected, аз a consequence of too much concentration 
of the water-ballast. There are examples showing also that 
masters, on the other hand, do not always see the dangers 
arising from having the tanks only partially filled with water, 
even though the ballast may in that case be distributed over a 
sufficient portion of the length of the ship. 

Mr. Е. H. ALEXANDER, M.Sc.: The authors аге to be con- 
gratulated on introducing a subjeet which is worthy of the 
further investigation they recommend in the final paragraph 
of their paper; and for the method they have adopted to show 
the benefits of reduced stressing which may be attained by 
good design. Accepting the usual standard assumptions as а 
basis for calculation, it is found that the bending-moments 
which come upon the ship consist of two distinet parts, namely, 
(1) the bending-moment which she has in still water, and (2) 
the bending-moment due to the differences іп buoyancy 
as between the still-water surface and the wave surface. It 
is important to remember that these two bending-moments 
are not influenced by the same factors. The former may be 
altered by sueh a disposition of the weights as is under the 
control of the designer, or of the shipper. The latter and 
greater part is not changed in the slightest by these altera- 
tions of weight distribution; it must be altered by a change 
in the form of the ship’s waterplane and the neighbouring 
parts. It is not altered by a change of draught or even of 
displacement, provided this latter change is clear of those por- 
tions of the ship which are exposed when she is in the wave. 

The authors show how to reduce the bending-moment of 
ship A by fining the ends in ships В and С. Roughly speak- 
ing, the fining of a waterplane reduces the wave-made part of 
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the bending-moment in the same ratio as the reduction of 


waterplane coefficient, provided the area of the waterplane is 
maintained by widening amidships to make up for fining the 
ends. If, however, the plane is not widened, but is itself 
reduced in area, there is a further reduction of bending- 
moment, and in the cases before us advantage has been taken 
of both changes. In addition to this, the fining of the ends 
tends to reduce the still-water moment also, as this is a 
sagging one. So that it is not surprising to find the reduction 
of stressing forces considerable. 

Their second series is concerned with the effects of weight 
distribution, and, as has been said, these are not concerned 
with the wave-formed part of the moments. If, for example, 
we take their final change, and measure as well as can be 
scaled from their diagram, it appears that about 600 tons of 
oil is moved 70 feet in towards midships from the fore end, 
and about 680 tons moved 62 feet from the after end. This 
means that sagging will be induced of about 42,000 foot-tons 
in amount, or just the difference between the bending-moments 
given for the basis ship and the final ship. 

I agree with the authors that further investigation into the 
effects of changes in design would be worth while, but such 
investigation should not leave out of account the dynamical 
effects of the heaving and pitching motions of the ship, 
because it is just in ships whose loading is of the type of these 
oil carriers that the most adverse effects are to be expected. 
A vessel with specific sagging-moment in still water is likely 
to have an increase when she heaves into the trough of a 
wave, and where there are sharp discontinuities of weight dis- 
tribution both structural and local stresses will be induced by 
the pitching. It may be roughly estimated from the weight 
curves given that the fine-lined vessel C would have her 
bending-moment of 114,600 foot-tons increased by about 7,000 
foot-tons if she heaved three feet into the wave trough, but 
the final vessel of full form and shortened oil-tanks would 
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increase her already large moment of 181,100 foot-tons by 
about 16,000 foot-tons if she heaved to the same extent into 
the wave trough. As to whether either vessel would heave in 
to that extent, there is not sufficient data yet available regard- 
ing the resistanee of the water to such motions. 

The solution of the problem of keeping down bending- 
moments to а minimum may be said to lie in:—(1) Making 
the weight distribution so as to give no bending-moment in still 
water. (2) Avoiding all discontinuities in the weight curve. 
(3) As far as the ship's form is concerned, the waterplane 
should not differ widely from the curve of sectional areas 
below it; that is to say, the transverse sections should be wall- 
sided. Displacement should be kept low, and secured by 
draught. The finer the waterlines, the lower will be the wave- 
formed part of the bending-moment. Of course, these features 
of form are stated here as advantageous in regard to stressing 
forces only, and are subject, as always, to the possibly con- 
tradictory requirements of other desirable qualities in the 
design of a ship. It is the necessity for using judgment in 
making the compromise that constitutes one of the most 
attractive features of the designer’s work. 

Dr. А. M. Ross: Figs. 8, 4, and 5 are of particular interest 
to naval architects as indicating the great importance of dis- 
position of tanks in governing the shearing-force and bending- 
moment to which the structure of an oil carrier may be 
subjected. The figures are probably also of interest to those 
who control the loading of such ships, since they indicate the 
manner in which cargo should be distributed in cases where 
full loads are not carried. But they call attention also to a 
further consideration, namely, the best location for the pump 
room. Had the pump room been placed near the section of 
maximum bending-moment, the maximum bending-moment 
would have been slightly reduced. Further, in view of the 
fact that the sagging-moment is of greater magnitude than 
the hogging-moment, it seems desirable to increase the length 
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of the pump room amidships, and so reduce the weight carried 


in the midship region; and that brings up the question 
whether conditions of trim permit of an extension of the tank 
space into the empty hold forward, with an accompanying 
increase in the length of the pump room. 

Fig. 2 is a valuable contribution to the long-standing con- 
troversy on the relative bending-moments on fine and full ships. 
It shows clearly that the statical bending-moment is reduced 
as the displacement is reduced. And, while it may be argued 
that fine ships are subject to greater dynamic forces than full 
ships, it is a reasonable conclusion that the effects of such 
dynamic forces are local rather than general. Accordingly the 
general scantlings of ships may properly be assigned on a 
basis comprising displacement and dimensions together, and 
local increases may be made to the scantlings of ships of rela- 
tively small displacement. 

Mr. W. HENDERSON CARSLAW, B.Sc. (Member): At a time 
when so many of the papers read before technical societies, 
while interesting from the scientific point of view or as 
examples of mathematical juggling, have little bearing on the 
problems of the shipbuilder’s daily life, Messrs. Thomas and 
Turnbull are to be congratulated both on their choice of subject 
and on their method of attack, in which they keep the 
practical aspect steadily in view. I have studied their really 
valuable paper with the greatest interest, and I hope that 
the authors will themselves take to heart their concluding 
phrase that °‘ this and other aspects of the problem would 
repay further investigation.’ | 

. The variation of bending-moment with block coefficient is 
interesting, but it is noted that the authors do not guarantee 
that their figures do more than indicate a tendency. It seems 
to me that this point would require exhaustive investigation 
before any reduction of scantlings in oilers of fine form could 
be considered justifiable. It would be interesting if the 
authors would state in how far their results apply generally 
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to this type of vessel—not only to the particular model con- 
sidered. Reference is made more than once to extreme cases, 
but it is not stated whether they support or contradict the 
gcneral conclusions of the paper. 

In connection with the effect of concentration of cargo 
amidships, there is one point which does not seem clear. On 
page 97 it is stated that the level of oil in the trunk was 
raised 2 feet, 4 feet, and 8 feet respectively, yet the values 
mean height of oil 

draught 
on a straight line. The reason of this is not apparent. Had 
the values of C in Fig. 7 been plotted on a basis of percentage 
of length of ship covered by oil, the curve would have been a 
pure hyperbola, since the bending-moments given in Figs. 1, 
8, 4, and 5 vary linearly with percentage length covered. 

It is suggested that the value of the diagram showing ihe 
variation of C with concentration of cargo, Fig. 7, would be 


of the ratio 


given on page 99 do not lie 


increased if the effect on stability of piling up the cargo were 
also indicated thereon. Assuming the initial GM to de 
4 feet 9 inches, corrected for free surface—a reasonable 
value for this type of ship—it appears that at 1:27 ratio of 
mean height of oil 
draught 


cent. This loss may, of course, be reduced by increase of 


the loss in GM is approximately 33 per 


beam; but even with a beam of T +18 feet, the maximum 


of practice, and the reduction in draught necessary to retain 
the same displacement, the limiting value of the ratio 
mean height of oil 
draught 
This consideration, coupled with the rapid fall in C value 
with increase of ® ого would seem to indicate 
draught 

1:2 as a desirable limit with a normal design. 

Mr. Tuomas and Mr. TURNBULL: We desire to thank the 


various gentlemen who have added so much of value and 


for no loss of GM would be about 1°3. 
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interest to the paper by their contributions to the discussion. 


Various interesting points of detail have been raised, the first 
of which is Mr. Riddlesworth’s suggestion that we should have 
adopted a simplified method of carrying out our calculations. 
We would point out that the curves were shown complete in 
order to make them easily comparable, but this does not mean 
that complete calculations were made out for each case. We 
do not refer in the paper to the stress induced in the section 
by the bending-moment, but as Mr. Cleghorn has raised the 
question of the alteration of the section modulus in the case 
of a vessel having a trunk, it. may be pointed out that it is 
improbable that the trunk would add longitudinal strength, 
as the modulus of the section would, in all likelihood, be 
decreased. We agree with Mr. Cleghorn that shortening the 
vessel would reduce the bending-moment, and would, there- 
fore, prove advantageous. 

Mr. Foster King's contribution forms a valuable addition to 
the subject, and is made especially interesting by its proof of 
the interest with which classification societies view this sub- 
ject. The same remark applies to the views expressed by 
Dr. Bruhn, and in reply we would say that we have cognisance 
of actual vessels which gave indications of excessive compres- 
sion in the topsides before the full significance of the disposition 
of cargo on the sagging-moments in oil tankers was appre- 
ciated. We made passing mention in the paper of one of 
these cases, for which the builder’s own calculation for the 


ship showed that, in the load condition, there was a theoretical 
sagging-moment of the order of e With reference to Dr. 
Bruhn's remark that sagging-moments are greater than 
hogging-moments in cargo ships, we would suggest that this 
remark requires qualification in the majority of cases, although 
evidence appears to be accumulating—and in this connection 
we would refer to the remarks of Mr. Foster King—that 


sagging-moments are becoming of increasing importance, and 
10 | 
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it is possible that sagging-moments may have much more 


serious effects than hogging-moments of the same value. 

Mr. Anderson made the suggestion that a comparison of a 
bending-moment on a vessel having machinery amidships with 
the cases given in the paper would be of interest. We have 
made such a comparison by taking the first case given in the 
paper and placing the machinery amidships. The results 
show that in the sagging condition the bending-moment is only 
50,000 foot-tons, but that on the hogging wave it is approxi- 


mately 174,000 foot-tons or A In the time at our disposal 
an approximation only was possible, and it appears that this 
latter figure could be reduced by a slight redistribution of 
weights. We do not claim to have fully investigated the 
bending-moments which may arise under various conditions of 
ballasting a vessel of this type. A case which represents the 
ordinary practice of a large firm of owners was considered, but 
this did not indieate the possibilities that Dr. Bruhn and Mr. 
Johnson outlined. Holding the view that sagging-moments 
have the greater significance in relation to ordinary scantlings, 
we confined our investigation to this condition, but we hope 
to pursue the questions raised by Mr. Johnson at some future 
date. Both he and Mr. Carslaw have raised the question of 
stability, and in the case considered we realise that the condi- 
tion represented by the extreme ratio of depth of cargo to mean 
draught is on the border line, but further consideration of the 
question, involving as it does a variation of beam, would have 
been outside the scope of the paper. We are grateful to Mr. 
Carslaw for his short investigation of the effect on stability, 
and would explain that the value of the ratios, when plotted 
on a base of percentage length of oil, does not lie in a straight 
line, because the parallel middle body does not extend over 
the whole length of the cargo space, and, although the varia- 
tion may not be great, there is a fining of the form at the ends 
of the tanks. 
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Mr. Alexander raises an important point when he discusses 


the question of the effect of pitching and heaving. It appears 
to us that, if it were possible to estimate this effect with any 
degree of accuracy, it would prove a valuable addition to our 
scanty knowledge of the stresses to which a ship’s structure 
is subject when amongst waves. 

We feel that we cannot allow Dr. Robb’s contribution to 
pass without drawing attention to our remarks in the paper 
on the relative bending-moments of fine and full ships. 
Although this particular case does show a considerable reduc- 
tion in the bending-moment for a reduced coefficient, we wish 
to lay stress on the fact that it is a particular case, and do not 
desire that a general conclusion should be drawn from it, for 
we are of opinion that the greater part of the evidence for 
reduction in bending-moments with coefficient is derived from 
assumed variations in the dispositions of weights. 
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WHEN a vessel is initially tender it may be dangerous to empty 
or fill a compartment of her double bottom, particularly if she 
be in motion in a sea-way, and no doubt many valuable vessels 
have been lost from this cause. As is generally known, the 
effect of a free liquid in a compartment of a floating vessel is 
to reduce the effective metacentric height, and, therefore, the 
initial stability, the amount of this reduction being obtained 
from the formula, given in most text-books on theoretical naval 
architecture, namely, 


. 


Reduction of metacentric height in feet — ху 


where 7 is the moment of inertia of the free surface of the liquid 
about & longitudinal axis through its centre of gravity in foot 
units, and V the volume of displacement in cubic feet. If GM 
be the original metacentric height, the value when reduced in 
consequence of the free liquid becomes, in feet 


4 
GM – y 


In the case of a vessel whose margin of stability is small, it is 
exceedingly important to know what the actual loss of meta- 
centric height is, when, say, her largest double-bottom tank has 
liquid in it free to move about, and, as the calculation is simple, 
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the commanding officer should have this information as well 
as detailed instructions with respect to the handling of his vessel 
in such circumstances. 

To determine completely the effect of filling or emptying a 
double-bottom tank involves calculations of a rather laborious 
character, for as well as the reduction in the metacentric height, 
the reduction in the value of the righting-arm as the vessel 
heels over must be found, and the calculation of this is com- 
plicated by the continual change in the position of the centre 
of gravity due to the movement of the water in the compart- 
ment. When the tank is quite full, of course, the vessel’s 
condition in regard to stability, as compared with that when 
the tank is empty, is improved, the water becoming a solid 
immovable weight situated low down in the vessel. 

While the existence of free liquid may be important in the case 
of any vessel, it is undoubtedly especially so in certain types, 
such as those of the self-trimming variety, in which the topsides 
slope inwards, the turres vessel being a conspicuous example 
of this class. Other examples are a trunk steamer with a central 
trunk having sloping sides, and the arch type of steamer. Fig. 
1 shows, in outline, the midship sections of these three types, 
and also that of a vessel of normal type, the midship sections 
being assumed to be identical, except at the topsides. It is 
easy to see that of the four types, assuming each to have the 
same draught and position of centre of gravity, which would 
not, of course, be ordinarily the case, the stability of the turret 
type will be the least, and that of the vessel of normal type 
greatest, and, in consequence, the presence of free water in the 
hold or double bottom is likely to be more dangerous in the 
case of a vessel of the former type than in that of one of the 
latter types. 

The fact that there are many turret vessels afloat which 
have traded throughout the world without mishap shows 
that when treated with care and understanding, this class of 
vessel may be perfectly seaworthy, but the additional fact that a 
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number of them have been lost in circumstances which point to 
instability as the cause, shows that every vessel of the type 
should have her condition as to stability carefully examined. 

In view of its importance, the author has thought it worth 
while to investigate the problem of filling and emptying a large 
double-bottom tank in detail, and herein presents the results 
of his inquiry. As already stated, a vessel of turret form is 
probably the worst of the self-trimming types from a stability 
standpoint, and it has accordingly been chosen for illustration 
in the present instance. For simplicity of calculation the 
vessel is assumed to be of constant turret type cross-section 
throughout and square at the bilge instead of rounded, as in 
ordinary cases. This should not detract materially from the 
value of the inquiry, which is intended to be of general rather 
than particular character, its object being to note comparatively 
the effect on stability of varying the extent of free-water sur- 
faces in double-bottom tanks, and also the effect of a change in 
the value of the metacentrie height, and for this a prismatic 
form of vessel is not unsuitable. The dimensions of the 
assumed vessel are the following, namely:— 


Length between perpendiculars - 290 feet. 
Breadth, moulded  - - - 89 feet 6 inches. 
Depth, moulded to harbour deck 21 feet 24 inches. 


The load draught, moulded, has been taken as 17:23 feet. The 
turret section in Fig. 1 is a cross-section of the vessel. It is 
necessary to know the displacement and the position of the 
transverse metacentre, and these are calculated as follows : — 


280 feet x 39:5 feet x 17:23 feet 
1 Displacement in tons — = 35 o 7.5445. 


2. Height of transverse metacentre) | 39:5 — 1-55 
above centre of buoyancy in feet) ~ 12 х 17:23 — 


As the centre of buoyancy is at a height above the base equal 
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to half the draught, the height of the transverse metacentre 
above the base is— 
8:61+ 7:55 = 16-16 feet. 


Assuming the height of the vessel’s centre of gravity above the 
base to be 14:16 feet, we have— 


Metacentric height in feet = 16:16 — 14:16 - 2:0. 


With these assumptions, calculations have been made and an 
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Fig. 1.—Comparative Outlines of Midship Sections of Self-Trimming Types. 


ordinary curve of stability for the load draught plotted. The 
effect of admitting water into a double-bottom compartment, 
situated amidships, 100 feet in length and 3 feet in depth, has 
been considered. 

In the first instance, the double bottom is assumed to extend 
the full breadth of the vessel, and calculations have been made 
and curves plotted to depict the variation in the value of the 
righting-arms during the filling or emptying of the compart- 
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ment. In Fig. 2 each curve shows this variation, assuming the 
vessel to be at a constant inclination. The effect on the vessel 
is, however, perhaps more clearly defined in Fig. 8, which 
shows ordinary curves of stability at various stages during the 
filling of the compartment as well as when it is full and empty. 
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Fig. 2.—Сгозз Curves showing the Variations in Stability during 
the Filling and Emptying of Ballast Tank. 


Referring to this diagram, it will be seen that a critical stage 
is reached when the water in the tank rises to a depth of 18 
inches, the compartment being then half full. With this depth 
of water the vessel is unstable from the upright position to an 
angle of 6 degrees, where the stability is nil. As she inclines 
further, the stability becomes positive, but it practically 
vanishes again at an angle of 28 degrees. 
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With an increased depth of water in the compartment the 
stability improves, as will be seen from the curves correspond- 
ing to depths of 24 inches and 30 inches respectively. When 
the compartment is quite full, as already remarked, the water 
becomes a fixed weight, and the effect on stability of filling the 
compartment is clearly shown by comparing the curves marked 
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E 


ЕЛІ 
MI 
ІШ 

ПНА 
ا‎ 


ae 44 МЧС АЕ МЛ 


4 > is IN AR ТОЛ; 
im FEET на FEET 


Fig. 4.—Cross Curves showing the Variations in Stability during 
the Filling and Emptying of Ballast Tank. 
‘‘Tank compartment empty '' and “ Tank compartment full." 
In this final condition the vessel may be regarded as in safe 
trim, but she cannot be considered to have anything to spare. 
As a rule, of course, double bottoms do not extend to the full 
breadth of a vessel, and, in view of this, the condition pre- 
vailing with a double bottom 31 feet 6 inches in width has 
been considered. Fig. 4 is the cross-curve diagram for the 
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double-bottom compartment of reduced width, the initial value 
of GM being 2 feet, as before. Fig. 5 is the corresponding 
diagram of stability curves. It will be noted that the stability 
is improved, and that, although the vessel is extremely 
tender at an angle of about 30 degrees with 12 to 18 inches 
depth of water in the compartment, the curves do not cross 
the line until an inclination of 62 degrees is reached. 

Fig. 6 illustrates the case with the narrower double-bottom 
and а metacentric height of 1'5 of a foot. This may be regarded 
as quite a dangerous condition, for although tender the vessel 
is initially stable, and in an actual case would probably cause 
no alarm to the master. The range of stability with the tank 
compartment empty is, however, small, the curve crossing the 
zero line at 254 degrees inclination. The maximum righting- 
arm in this condition, too, is only 795 of a foot, and this is 
reached at an angle of 134 degrees. 

The temptation to the master to attempt to improve the 
condition by running in water-ballast would be great, but the 
result might easily be disastrous. The critical condition would 
be reached with a depth of 18 inches of water in the compart- 
ment. The maximum righting-arm then is seen to be only 
"12 of a foot, which occurs at an angle of 12 degrees, the range 
of stability falling to 20 degrees. Even with the compartment 
full the stability 15 poor, the righting-arm falling from a 
maximum of "812 of a foot at 18 degrees inclination to a 
minimum of ‘06 of a foot at an angle of about 33 degrees, 
whence it rises to ‘12 of a foot at an angle of 49 degrees, 
finally vanishing at 58 degrees. 

It is not the intention, nor it is perhaps necessary, to reproduce 
in. full the calculations involved in obtaining the above curves, 
but it may be of interest to indicate how they were carried out. 
As previously mentioned, a commencement was made by 
obtaining in the ordinary way a curve of stability corresponding 
to the loaded condition. This curve formed the basis for the 
remainder of the work. The reader’s attention is directed to 
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31 feet 6 inches. GM=1 foot 6 Inches. 


WIOTH OF DOUBLE BOTTOM, 
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Fig. 7, which shows in section the vessel heeled to an angle @ 
with the double-bottom compartment partly full. From the 
ordinary stability calculation the value of BN at an inclination 
6 corresponding to the condition with the tank empty was found, 


Fig. 7.—Midship Section of Turret Type. 


and hence also the co-ordinates of the point N from the axes 
OX and OY, Fig. 7, namely :— 


z,=BN oos 0, 
у, =ОВ+ ВМ sin 6. 


Next, a certain quantity of water was assumed admitted to the 
tank compartment with the vessel at inclination 0, and a special 
calculation made for the values of т, and y,, the co-ordinates 
of the centre of gravity of the water in the compartment from 
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the same axes. The method followed is similar to that described 
in Prof. Welch’s paper, ''The Time-Element and related 
matters in some Ship Calculations.’ 

Assuming the compartment to be partly full and the volume 
of water constant during the inclining of the vessel, 


2 
A=d(a-d cot 6) +" ALP s- e d) 


where A is the cross-sectional area of the portion of the tank 
occupied by water in square feet, and d the depth of the com- 
partment in feet. From equation (1) by transposition, we 
get-- | 
A 4 

a=-7 tuy cot 0 - - - am (2) 
This gives the value of a, the bottom breadth in feet of the 
portion of the compartment occupied by water, the values of 
A and d being known. Again, since 


b —a-—d cot 0, 


b being the breadth in feet at the top of the compartment of 
the space occupied by the water, the co-ordinate of the centre of 
gravity of the water in the tank parallel to the axis of X may 
be found from the equation— 


B-b d В 2 nap 
9 x bd +> (« =D) x fg- (0+ 3 )t 
و‎ = 1 
20 (3B (a+ b)- 9 (a? + ab + م(‎ - - (3) 
12A | 


where В is the breadth of the tank in feet; and the co-ordinate 
parallel to the axis of Y from the equation— 

bd? а 4 

-g + (a — b) x o * 3 
f А 


d? 
=p, 042 - - - - (4 
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The terms on the right-hand side of equations (3) and (4) are 
known, therefore the values of х, and y, are also known. 
These values are for the condition shown in Fig. 7, in which 
the double-bottom tank extends to the full breadth of the 
vessel, with water in it sufficient in quantity to cause the 
cross-section of the space occupied by it, when the vessel is 
heeled to an angle 6, to be of trapezoidal form. For the 
condition in which the occupied space in the tank is of 
triangular form the equations for the values of т, and y, are 
simpler than those given above, as may be readily shown. 

The problem is treated as one of loss of buoyancy, and the 
position of the line of upward pressure through the centre of 
buoyancy is to be found when the buoyancy lost through the 
admission of the water to the compartment is made up by the 
layer through which the vessel sinks. а, is the horizontal co- 
ordinate and y, the vertical co-ordinate of this layer, and these 
are found from inspection. 

Combining these results, one can obtain for the co-ordinates 
of the new position of N, the point through which the line of 
resultant upward pressure passes— 


Var, = сх, tr} Va, — v(x, +25) 


a ME MEME SEE 2 
and Жы ML WERE 50 > dH 


V being the displacement of the vessel in cubie feet and v the 
volume in cubic feet of the buoyancy lost through the admission 
of the water to the compartment, and gained at the load-line | 
through the sinking of the vessel. 

The value of the righting-arm in feet corresponding to the 
assumed condition of the vessel is then obtained at once from 
the equation— 


GZ — X cos 0 — (OG — Y) sin 6, 


where OG is the height of the centre of gravity above the base 
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measured at the middle line. In this way the cross curves of 
stability shown in Figs. 2 and 4 were obtained. 

Had the double-bottom compartment in the foregoing example 
been provided with a middle-line watertight division, the loss 
of stability due to the free liquid would have been much 
` reduced. At initial inclinations the loss would have been one- 
fourth of that obtained above for the undivided tank, and at 
large inclinations about one-half. For this reason broad double- 
bottom tanks should always have watertight central divisions. 
Most large vessels built to-day have two or more of the midship 
compartments so divided. 

The question of free liquid is of paramount importance where, 
. аз is becoming increasingly common, double bottoms are 
adapted to carry oil fuel. The probability of there being free 
liquid is much greater with oil fuel for bunkers in the double- 
bottom compartments than if these were filled with water for 
ballast only, for the reason that while the water-ballast may 
be shipped at the beginning of a voyage and not disturbed 
until the end of it, the oil fuel is necessarily being continually 
pumped out of the tanks.  Double-bottom compartments 
intended to contain oil fuel should, therefore, not be too long, 
and those situated amidships should have oiltight centre divi- 
sions. When using oil fuel the pumps should draw only from 
one compartment or tank at a time, and not until this com- 
partment is quite empty should the oil pumps be permitted to 
start on another one. It is scarcely necessary to say that, a 
vessel with two or more slack tanks at the same time might 
be in a very serious condition in regard to stability, and rigorous 
instruetions should be issued to commanding officers to guard 
against such an eventuality. 

From the foregoing considerations it will be noted that, cor- 
responding to each curve of stability, there is a definite value 
of metacentrie height. Therefore, having decided, after 
investigation, on a certain curve of stability for a vessel at a 
x ы as depicting minimum requirements, it will be 
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necessary to load her in such a way as to obtain a position of 
centre of gravity ensuring a metacentric height not less than 
that corresponding to this minimum curve of stability. Thus, 
to the commanding officer, the metacentrie height becomes the 
index of the vessel’s stability, and it is sufficient if he is sup- 
plicd with a series of values of GM for service conditions of 
draught to guide him in working his vessel. He need not be 
troubled with complete curves of stability which, in most cases, 
are only likely to puzzle and confuse him. 

The advantage of the GM standard is that the commanding 
officer can verify the condition of his vessel himself at any 
time by performing an inclining experiment. It has been 
objected that in practice it is seldom convenient to conduct 
such an experiment; that there is, as a rule, very little time 
for it in the rush of clearing a vessel for sea; that, moreover, 
the required apparatus is not usually available. Of course, 
objections may be raised to any proposal, however simple and 
direct it may be. | 

The late Mr. J. Н. Heck, т a paper read before the Institute 
of Marine Engincers, gives some useful practical suggestions as 
to the best way of supplying stability information to command- 
ing officers. His plan is based on the inclining experiment. 
He subjects a given vessel to a heeling-moment of known 
amount, and observes the resulting angle of inclination. Then, 
from one of a number of tables given in the paper, he obtains 
the righting-moments from 15 to 60 degrees, respectively, cor- 
responding to the position of centre of gravity obtained from the 
observed angle of inclination. For the purpose of the inclining 
experiment, Mr. Heck suggests that a midship compartment 
of the double bottom be used, this compartment to be provided 
with a watertight centre division, and the heeling-moment got 
by filling up one side of it. In this way Mr. Heck gets over 
the apparatus difficulty. 

It is, of course, not essential to use a compartment of the 
double bottom to obtain the necessary heeling-moment. Any 
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receptacle for holding water, if conveniently placed in the vessel, 
might be used instead. The fresh-water tanks, for instance, 
with which all vessels are provided, could be adapted for this 
purpose, particularly if, as is usually the case, they are fitted 
in the upper or bridge ’tween decks. It would only be neces- 
sary to have two of them equal in volume placed one on each 
side of the vessel at the same distance from the centre line, 
with the piping, etc., arranged so that the water could be 
transferred quickly from one to the other; and this might be 
done with very little expense. 
Instead of a series of tables, too, each corresponding to a 
definite displacement, a single table like that given below 
© might be devised for obtaining the metacentric height at any 
draught or displacement. In using the table, it would be 
necessary to determine the displacement at the time of the 
experiment by observing the draughts and reading off the cor- 
responding displacement from the displacement scale. The 
remainder of the work would be very simple, and would consist 
of filing one of the fresh-water tanks, observing the vessel's 
angle of heel, and under this angle of heel reading off from the 
table the figures given in column 4. These figures should then 
be divided by the displacement of the vessel in tons to obtain 
the metacentrie height for the given condition. The figure thus 
obtained has, of course, to be corrected for the removal of 
the heeling weight, and if this, as assumed, consists of water 
in a tank situated in the upper or bridge 'tween decks, the 
correction will result in a slight increase of the metacentric 
height. Finally, it would remain to decide whether the 
stability curve corresponding to this metacentrie height were 
satisfactory. If not, an amendment would, of course, need to 
be made in the stowage. | 
Other methods of finding the metacentric height might be 
cited, but the above method is simple, and appears to be satis- 
factory. Be that as it may, however, the important thing is 
for a commanding offiecr to make himself familiar with the 
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principles involved. In which case, when occasion demands it, 
he should have little difficulty in following а line of his own. 


TABLE FoR USE IN INCLINING EXPERIMENT. 


Inclination wx d Cotangent of Angle wx d x cot 0. 


in degrees. of Inclination. 
2 300 28-636 8591 
2} 2 25-452 7636 
2% » 22-904 6871 
2} » 20-819 6246 
3 + 19-081 5724 
31 ii 17.610 5283 
34 T 16-350 4905 e 
31 » 15-257 4561 
4 s 14-301 4290 
4} » 13-430 | 4037 
44 9” 19-757 3812 
4} » 12-006 3611 
5 2 11:435 3429 
5} " 10-838 3265 
5$ » 10-385 3116 
5} » 9-931 2979 
6 Ж 9-514 2854 
62 » 9-131 2139 
64 a 8-777 2633 
6i 5 8-449 2535 
7 56 8-144 9443 


w — weight of water in tank=10 tons. 


d=distance between centres of volumes) 
of fresh-water tanks \ = 80 feet. 


Discussion. 


Mr. W. M. Gray, B.Sc. (Member): Mr. Nicol presents his 
results in such a practical form that the effects of filling the 
tank are very easily seen. One might wish to separate those 
effects which are due to the varying quantities of water- 
ballast from those due to the peculiar form of the ship. The 
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curves mostly suggest that minimum stability exists when 
the tank is half filled. If this were so it would be an advan- 
tage, as it is easy to investigate the effect of the tank in this 
condition. Taking the vessel heeled, as shown in Fig. 7, 
and drawing a waterline in the tank so that the vertical from 
the ship’s C.G. cuts the middle point of that waterline, 
then the quantity of ballast which gives the maximum up- 
setting-mument is obtained. The ship's centre of flotation, 
however, lies to the emerged side of this vertical (due to the 
bottle-neck form), so that any increase in displacement is 
necessarily accompanied by a decrease in the righting-lever, 
even if the weight were added at the C.G. If a perpendicular 
is dropped from the centre of flotation, Fig. 7, and a water- 
line drawn in the tank so that the centroid of this waterplane 
13 vertically under the centre of flotation, the quantity of 
water-ballast is found which corresponds to minimum stability 
at this angle of heel. In this case the effect of the ship’s 
form is included. | 

` The treacherous effect of free liquid is always interesting, 
even to those familiar with the idea. If the smaller tank 
of about 80 feet wide by 3 feet deep is half filled, a weight 
of 135 tons, a fortieth of the ship’s displacement, is placed 
with its centre of gravity only 9 inches above the keel. A 
navigator of the old school, being a practical man, may 
despise such fantastical notions ав moments of inertia, but 
he knows what “ top heavy” means, and he will no doubt 
be startled to find that the water-ballast by reason of its 
mobility, has virtually soared to a height of some 50 feet 
above the keel. 

Consider the tank as a rectangular vessel floating at a 
draught equal to half its depth, and having the same KG 
as the actual ship, namely, 14°16 feet. The curve of stability 
moments for this floating tank will be a curve of upsetting- 
moments for the ship. Put the righting-arms for ship and 
tank on the same base of degrees, and divide the tank 
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GZ’s by 41 before plotting, then the part of any ordinate 


between the two curves will give the net righting-arm of the 
ship with the tank half-full. The metacentric evolute f the 
tank may be drawn without difficulty. It will be seen that 
a normal from the С.С. to this curve is the maximum right- 
ing-arm for the tank, and a tangent corresponds to zerc 
stability (similar propositions hold for floating bodies in 


general). 
Mr. Nicol’s curves are made for a vessel of constant sec- ` 
tion and square bilge. Тһе question whether or not these 


sufficiently approximate to the stability curves of an ortho- 
dox turret vessel of the same extreme dimensions and meta- 
centric height might have been discussed. Probably the 
approximation is near enough for his purpose. The cutting 
away of the topsides certainly produces an evil-looking de- 
pression in the curve of righting-arms which does not augur 
well for dynamical stability. A good deal of ingenuity has 
been shown in the past in devising apparatus and other 
mechanical means to make a captain aware of his ship’s 
stability, assuming him to be ignorant of the theory; but he 
ought not to be ignorant in this matter. A fair knowledge 
of stability from ship’s officers is now insisted upon by the 
Board of Trade, and Mr. -Nicol’s and Prof. Hillhouse’s books 
are their recognised text-books. Candidates ought not, how- 
ever, to be examined on the methods of calculating stability 
at large angles of heel. This is a difficult part of the subject, 
and it is the shipbuilder’s not the navigator’s business. 

Мг. J. D. Manzs: Mr. Nicol draws attention to the effect 
of free water surface and the danger of filling a compartment 
when at sea in a vessel of special form with a certain amount 
of metacentric height. In the first place I would like to ask, 
seeing the vessel is supposed to be loaded to her load line, 
what authority he has for filling a double-bottom compartment 
100 feet in length with some 300 tons of water? I am afraid 
the master of the vessel would be subjecting himself to rather 
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to this extent without infringing the Load Line Act, I think 
a tank 100 feet long in a vessel 280 feet in length would be 
somewhat uncommon. Again, I do not think Mr. Nicol has 
taken the worst view of the case, as no vessel is of prismatic 
form, and the ratio of the surface of the free water to the 
surface of the load-line plane would be much greater in a vessel 
of ordinary form, and, therefore, the effect of such a free water 
surface would be greatly increased and the result much more 
disastrous. On referring to the curves of stability, it will be 
seen that the result with tank empty is the next best to that 
with the tank completely filled; it would, therefore, appear, 
since a tank cannot be filled instantaneously, better to let well 
alone, and put no water in the tank at all. 

It would have been instructive if Mr. Nicol had dealt with 
the case of a vessel of ordinary form both above and below 
water. I take it that the lesson to be learned by the ship- 
master is to leave his tanks alone when at sea, especially if 
they are of the kind represented in the example. Mr. Nicol’s 
remarks regarding the carrying of oil fuel in the double bottom 
are well worth consideration, and the thanks of the members 
of the Institution are due to him for bringing this important 
matter to their notice. 

Mr. SHIRLEY B. Ratston (Member): Mr. Nicol’s practical 
and clear presentation of the dangers of adding loose water even 
temporarily to a vessel already tender, makes his paper a 
valuable addition to the subject of stability. But a ship with a 
maximum GZ of only :38 of a foot (measuring from the curves) 
is not one that I should feel easy about, even without the cal- 
culations for loose water, and it is to be hoped that he has 
deliberately designed his dimensions and arranged the centres of 
gravity to produce instability, in order to impress upon us the 
dangers of ignorance, and that he is not working from an actual 
.ease. The GZ curves appear at first glance to be quite normal, 
until the GZ scale is observed, when they are quite alarming. 
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If it is not departing from the scope of the paper, I should 
like to say that ordinary GZ curves, as usually supplied by the 
shipbuilder, seem to be most unscientific productions, in that 
there is no coherence or progression. Certain isolated cases of 
loading are given, and if the ship is loaded differently there is 
nothing to guide the shipmaster as to the effect of the altered 
loading on the character of the curve. I suggest a revised 
method of presenting these curves, by drawing a series of curves 
for progressive displacements, say for every 500 or 1,000 tons 
from light to load draught, all drawn to one common GM value. 
GM =0 is the obvious value, or the C.G. assumed to be at the 
metacentre, but this gives a rather confused set of curves, and 
probably a GM value of 8 or 4 feet is better. A curve for any 
displacement can be easily interpolated, and it will be 
found in many ships that the curves nearly coincide for the 
greater displacements. To obtain curves for different values of 
GM, it is only necessary to draw nearly straight lines repre- 
senting GM sin 6, thus obtaining a series of curves representing 
displacements, and a series of base lines representing GM's. 
The curve of stability for a particular GM, at a particular 
displacement, is simply shown by the area between the 
corresponding base line and curve, Fig. 8. The ordinates, 
certainly, may be inclined to the base, but there is no par- 
ticular reason why they should be perpendicular to it. 

With regard to the last part of the paper, the table for prac- 
tical use in finding the GM by filling a tank, I doubt whether 
many seafaring men will be willing to use this apparently 
formidable set of figures. Recently a little experience made 
me realise the lack of information on board ship. During a 
trial trip I had to state how much the ship would be listed 
by filling a certain tank, and found some difficulty in producing 
an answer in the absence of tables of tangents and other usual 
aids. However, the result of that experience is a slide-rule con- 
taining four scales—displacement, heeling-moment, degrees of 
heel, and values of GM. In this slide-rule the heeling-moment 
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13 set opposite the displacement, and the GM is read off opposite 
the resulting angle of heel without any calculation whatever, 
an operation which I venture to think is less terrifying to the 
ordinary man than any set of figures. The slide-rule is suitable 
for all sizes of ship, but for any particular ship the displace- 
ment can be replaced by draughts, and the heeling-moments by 
marks representing the various half double-bottom tanks; the 
operator then fills a half tank, port or starboard, observes the 
heel, and on the slide-rule sets the draught of the ship opposite 
the particular tank mark, and reads off the GM at the resulting 
angle of heel. I do not think simplicity can be carried much 
further. 

Dr. JAMES MONTGOMERIE (Vice-President): So far as I can 
see, this paper does not raise any points in regard to which there 
will be a difference of opinion, nor does it appear to state any 
views which can properly be considered controversial. It is a 
good thing, however, that papers of this kind should at intervals 
be presented to Institutions such as this, if only to emphasise 
to all concerned the fact that the safe operation of steamers 
calls for a certain amount of knowledge of the principles of 
stability, and is only to be achieved by an intelligent applica- 
tion of these principles. I am afraid that that essential 
minimum of knowledge is still somewhat to seek on the part 
of those entrusted with the actual operation of cargo steamers, 
and I can imagine that this paper will have a beneficial effect 
in again drawing attention to this matter. ‘Mr. Nicol has done - 
well to direct particular attention to the effect of free water 
in ballast tanks, and, although it may appear strange to the 
initiated, it is a fact that too many people do not appreciate 
that it is not the volume of liquid in the tank that matters but 
the extent of the free surface. There are other kinds of load, 
which, while not properly of a fluid character, have the same 
effect, as, for example, grain and passengers, and I should like 
to ask if Mr. Nicol has any information as to what may be 
regarded as the worst condition for a ship of fine form which 
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double-bottom tanks designed to act as oil-fuel bunkers should 
be of restricted lengths, and I have no objection to raise to that 
as a general proposition, but it would, however, be possible to 
become unduly drastic on this point. I do not think that any 
ill effects have been proved to follow the practice which is at 
present adopted; neither do I think that the safety of the ship 
is in danger by allowing these tanks to be of the length of an 
ordinary cargo hold, always assuming that reasonable care is 
shown in emptying and filling the tanks. Similarly, while the 
centre line division in the double bottom should be made water- 
tight for the midship part of the vessel, it is quite reasonable 
to confine it to that part and to allow the end о анон 
to be constructed in the ordinary way. 

Mr. Nicol mentions the case of turret vessels, and certainly 
in that type the influence of free water requires to be carefully 
considered from the stability point of view. Apart from that 
consideration, however, I am of the opinion that the view 
generally held in regard to the stability of turret ships is a 
view that is hardly fair to the type. At the revision of the 
freeboard regulations in 1906 I was obliged to undertake the 
investigation of the stability of a typical turret vessel, and 
found, what is a matter of common knowledge, that in this 
type of vessel, while the area under the curve is less than that 
to be found in normal types due to the depression caused by 
the position of the harbour deck, there is an ample reserve 
of stability when loaded with homogeneous cargo. It is easy 
to sec that greater care is required in this type of vessel where 
free water is concerned than in the ordinary type. 

Dr. J. Bruun (Member): The questions which Mr. Nicol 
deals with are of the greatest practical importance. Іп a 
volume I wrote some years ago I dealt with the two points, 
the stability of ships with sloping decks, and the general 
question of stability instructions to masters. Concerning the 
first question, I had, just before reading Mr. Nicol’s paper, 
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read the report of the law case in connection with the capsizing 
of the ‘° Clan Gordon," and was somewhat surprised. at the 
remarks of two of the judges. The first voting judge states that 
if an owner should in such a case be held responsible for the 
seaworthiness of his ship it '' could only be because there was 
proved to exist some special circumstance affecting the par- 
ticular ship, which made her dangerous in the hands of a 
competent master unless specially instructed.’’ I think there 
can be no doubt that there are such special circumstances in 
connection with each ship of the turret type, and I think 
this appears also from Mr. Nicol’s statements. I believe ship- 
masters generally get their knowledge concerning the stability 
of their ships not by mathematical investigation or technical 
training, but by observing the behaviour of their ship at sea 
and in harbour when exposed to the forces of wind and water 
or to the movements of weights on board. From the vessel’s 
inclination and rolling for different ways of stowing the cargo 
and under different kinds of weather conditions, they get 
intuitively a very good idea of the importance of the stability 
question. A turret ship will behave exactly like every 
other ship as regards the movements which indicate to the 
master what the stability 1s. And from where shall he then 
get the knowledge that she is in reality much more dangerous? 
He must either be informed of the fact that there are certain 
peculiarities in connection with the stability of turret ships, 
or he must receive a regular course in naval architecture, 
enabling him by mathematical reasoning to appreciate the 
influence of sloping decks as compared with the ordinary form. 

The second voting judge says that ''the case would have 
assumed a different aspect if the catastrophe had been due to 
some peculiarity in the ' Clan Gordon’ which a competent 
captain who had experience of turret ships could not have been 
expected to discover and guard against.’’ It is difficult to see 
how the master could discover the peculiarity which, as a 
matter of fact, existed, unless indeed he had capsized in a turret 
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master of that ship is no doubt aware of the existence of a 
peculiarity in connection with the stability of turret ships. As 
regards the safety of the ships, and perhaps also as regards the 
seaworthiness in the legal sense, I think the question of the 
stability of a turret vessel is in very much the same position 
as the question of the handling of, say, а turbine-driven 
ship where, unknown to the master and the engineer, the 
revolutions of the engines could not exceed a certain number 
(within the steam capabilities of the boiler) without wrecking of 
the machinery being the result. The master is in neither case 
in possession of the information which is necessary in order 
that he may be properly qualified to command the particular 
ship, and it would be unreasonable to require that he should 
himself be in a position to ascertain all such hidden facts 
affecting the safety of the ship. | 

I believe the master of each ship of the self-trimming type 
ought to get a clear written statement from the owners or 
builders of the ship, pointing out the peculiarity of this type 
of ship as regards stability. I am, however, rather doubtful 
as to the desirability of giving a master definite instructions as 
to what he is to do, or not to do, in given circumstances. 
Generally speaking, I think it will be best to leave it entirely 
to himself to decide what steps are desirable in any particular 
instance. The captain of a ship would not usually have a very 
complete training in naval architecture. It might be argued 
that it would be desirable if it were possible that he had such 
training. I am not so sure that this is right. The naval 
architect has always so much time at his disposal that he can 
make certain calculations when it is a question of deciding 
what stability a ship, with given draught, distribution of cargo, 
and ballast, should have. The captain of a ship must often 
decide quickly what is to be done with respect to the loading 
or ballasting of the vessel, and a training in theoretical naval 
architecture, with which he would probably never be quite 
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familiar, would most likely only hamper him in coming to a 
satisfactory decision within the time at his disposal. 

It is, of course, difficult to define the precise amount of 
knowledge of naval architecture it would be desirable to 
impart to ship captains, as it largely depends on the individual 
man’s training and personal capabilities. In giving stability 
information to masters, I think it is advisable to attach 
more importance to the physical or mechanical side of 
the question than to the geometrical. Instead of meta- 
centric heights it would be better to speak of stiffness or initial 
stability (in foot-tons per degree of inclination), and instead 
of righting-arms of righting-moments. The usual geometrical 
method of dealing with the stability of ships was originally 
established by mathematical professors, and has since been 
quite natural to technical men operating, like naval architects, 
continuously with geometrical problems. I do not think that 
the essential points in the question are so easily appreciated by 
others when the exposition is geometrical as when it is 
mechanical. 

To give exact information as to what a captain is to do when 
filling ballast-tanks at sea is, I believe, dangerous. АП the 
circumstances which should be taken into account in such a 
ease cannot be assumed or stated, and the master must, there- 
fore, himself in any case make the necessary allowance for 
these factors. It will, therefore, usually be best only to impress 
upon him the considerable risk there is associated by the filling 
or emptying of water and oil tanks at sea. "The relative effect 
on the stability of filling tanks with one or more longitudinal 
divisions may, of course, be stated. I agree with Mr. Nicol 
as to the desirability of masters, in doubtful cases, inclining 
their vessels before leaving port. The operation is not so 
formidable as is usually considered. A known weight swung 
in the derrick from side to side may, in smaller vessels with 
little initial stability, give sufficient inclination. Here again the 
minimum stiffness with safety ought to be stated in foot-tons 
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with it is then simply the product of the weight moved and the 
distance, divided by the actual angle of inclination in degrees. 

Мг. W. Н. RippLeswortu, M.Sc., M.Eng. (Member): The 
сугуез of stability in Mr. Nicol’s paper show minimum meta- 
centric height when there is some 18 inches of water in the 
double-bottom tank, whereas it would appear that this condition 
will be obtained when there is just sufficient water in the 
tank to form a water surface, i.e., when the depth of water is 
so small that the weight can be neglected and there is nothing 
left but °‘ free surface ’’ effect. For then the reduction of BM 


(-v) is a maximum, the reduction of height of centre of 


gravity, and the inerease of draught and height of centre of 
. buoyancy are each zero. Consequently, the initial tangents 
to the stability curves should rise as the depth of water in the 
tank increases. 

I have investigated a general expression for the GM of a 
rectangular ship with rectangular ballast tanks of varying sizes 
and filled to varying depths; but the result is cumbersome and 
unsuitable for publication. In general it indicates that the 
GM increases until the depth of free water greatly exceeds that 
of any practicable double-bottom tank. 

Dr. B. C. Laws: Although this paper deals with the stability 
of self-trimming types of vessels, yet obviously Mr. Nicol’s 
purpose is to emphasise the possibility of disaster resulting 
from the presence of free areas of fluid cargoes, whatever the 
nature of the latter may be, and whatever the type of vessel. 
To generalise, his expression for loss of stability due to free- 


water surface may be amplied thus :— 


р I 
Reduction of effective metacentric height = ү = 


Condition for stable equilibrium is that 


Pı 
(W +) (Grae : HG) is positive ; 
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in which p, and p denote the densities of the contained and 


external fluids respectively. 
From the ordinary formula for restorative moment, namely, 


(W + w) (au = Wace qu) sin 6, 


in which gm sin 0 represents the horizontal movement of the 
centre of gravity of the mobile fluid for a given inclination 6 
of the vessel, the advantage which must accrue from limiting 
the movement of the contained fluid is apparent, and it should 
not be necessary to work out a case in detail, as Mr. Nicol 
has done, in order to impress upon the shipping publie the 
importance of the question of free ballast. Too great care 
cannot be exercised in disposing mobile cargoes, whether fluid 
or of the nature of grain, coal, etc., and in confining their 
movements within restricted limits as the vessel heels. Mr. 
Nieol does well, therefore, to point out, especially where a 
vessel has small initial stability, that it is exceedingly important 
to know what the actual loss of metacentric height may be. 
Generally, for any compartment, it is not a laborious task to 
determine the centre of gravity of the contained fluid for any 
given angle of heel, and not nearly so laborious as in the case 
of determining the statical stability of the vessel itself, which 
latter can be completely determined within the space of a 
few hours. 

Coming to the form of the upper structure, it would seem 
that sufficient attention is not always given to the influence 
which it exerts on the statical stability at those angles of 
inclination at which the upper works become partially sub- 
merged. In certain types of vessel the waterplane area and 
its moment of inertia suffer considerably at even moderate 
angles of inclination, and are sufficiently influential in lessening 
the stability qualities of the vessel without augmenting the 
trouble by giving undue freedom to fluid cargoes. The 
importance of the question of stability in its bearing on the 
safety of the vessel and of the souls on board is one which 
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might well be borne in mind by designers and owners; and in 


view of losses which have been sustained from time to time, 
from causes which either may be traced to defective stability 
or suspected cases of instability, it is surprising to find that 
in some shipbuilding establishments little interest is taken in 
the question, and no attempt made, in many instances, to 
determine, even by an inclining experiment, the amount of 
initial stability possessed by the vessel. If the writing of this 
paper is the means of impressing upon shipbuilders and ship- 
owners the importance of this question, or of awakening a fresh 
interest in the matter, Mr. Nicol will be amply repaid for his 
labour. 

Mr. Nico: І am sure it will be agreed that Mr. Ralston’s 
ingenious diagram of stability curves for progressive displace- 
ments and GM values is a useful and readily grasped method 
of supplying information to commanding officers, and I shall 
be surprised if it is not adopted by others. His stability slide 
rule, too, is an instrument likely to appeal to commanding 
offieers. In matters of the kind under discussion, experience 
has shown that things cannot be made too simple for the 
average nautical man. With regard to Mr. Ralston's state- 
ment, in which he suggests that I have apparently chosen a 
low value of GM, in the case of the vessel dealt with, in order 
to bring about a condition of instability, I should like to say 
that, while it may appear to be so from the curves, I had 
no such object in view. In fixing upon two feet as the value 
of GM, I considered I had started out with something that 
might be regarded as safe. Many cargo tramps proceed to 
sea with metacentric heights much below two feet. However, 
the curves show that this value is by no means too great for 
the type of vessel chosen, and quite insufficient if it is intended 
to fill or empty a large double-bottom tank when the vessel 
is laden, although still short of her maximum draught. 

Mr. Gray’s remarks are both interesting and important. 
They might be described as informative rather than critical, 

12 
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and, on that account perhaps, do not call for much in the 


nature of a reply. I should like to notice, however, the method 
he has suggested for determining the inclinations at which 
the stability in the cases taken in the paper is a maximum 
and a minimum; this might be usefully employed to check 
some of the results. Mr. Gray mentions also a method, other 
than that given in the paper, for deriving curves showing the 
effect of free water. His plan is ingenious, but it is not new. 
It is described in some text-books; Prof. Hillhouse refers to 
it in his book on stability. Mr. Gray’s statement that water 
run into a ballast tank with its centre of gravity nine inches 
above the base, its upper surface being free to move, has the 
same virtual effect as the same weight placed 50 feet above 
the base, is a striking illustration of the subject matter of 
the paper,. and should give all who have to control vessels 
afloat food for serious thought. 

Mr. Mares draws attention to the uncommon length of the 
tank I have taken. It is certainly a long tank, but not any 
longer than, say, the No. 2 tank in some tramp steamers, 
and, naturally, I took what I considered to be the worst ease. 
With regard to the load draught assumed, this did not neces- 
sarily correspond to the maximum allowed by the freeboard 
tables. А relatively deep draught was taken because in this 
special type of vessel the danger of filling a tank would be 
greatest when the harbour deck approached the waterline. Of 
course, ш any actual case to be investigated, it would be 
necessary to have the ship sufficiently out of the water to 
allow of this additional weight being put aboard without unduly 
submerging the load disc. 

I agree with Mr. Mares’ point that in a ship of normal 
underwater form the effect under the same conditions would 
be worse than that shown in the paper. My reason for | 
choosing the prismatic vessel was to avoid complicated calcula- 
tions. After all, my aim was to present a general case rather 
than a particular one. Mr. Mares further says that, taking 
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the curves as they stand, they show the vessel to be in a 


better condition with the tank empty than with any quantity 
of water in it less than quite full, and that, under the circum- 
stances, 16 would be wise not to put any water in the tank 
at all. What he says is quite true, but, of course, the com- 
manding officer would be unlikely to know this. He would 
note his ship to be tender, and might attempt to stiffen her 
by running in water ballast without realising the great danger 
lurking in the free surface of the partly filled tank. This is 
undoubtedly the explanation of why many vessels, including 
some of turret type, have been lost. 

Dr. Montgomerie in his remarks points out that there are 
other kinds of fluid cargoes besides water or oil, mentioning 
grain and, particularly, passengers. This reference to pas- 
sengers as mobile cargo is worthy of careful note. River 
steamers carry passengers on their top deck, and it has been 
shown, although I cannot give figures, that these vessels may 
be in a worse condition regarding stability with, say, half the 
complement of passengers on the top deck free to move about, 
than if the whole deck were occupied so that there could be very 
little movement. Experience has shown that, in cases of panic, 
passengers rush wildly from side to side when there is room 
to do so, and the effect of this moving weight might be as 
disastrous as if the movement had been due to the presence 
of an internal free fluid surface. This is a point which I think 
ought to receive very careful attention on the part of those 
who have to deal with the question of stability of passenger 
ferry or river steamers. 

Dr. Montgomerie further points out that he has had to deal 
with stability calculations of turret vessels in the past, and 
has found that, while their curves of stability are not so satis- 
faetory as the curves of vessels of normal shape, they are on 
the whole quite safe. There can be no gainsaying this state- 
ment, for, as mentioned in the paper, vessels of this type 
have been sailing the seas for many years; but they require 
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special care in management, and doubtless those which have 
been lost would have survived had the officers in command 
realised this and taken adequate precautions. 

Dr. Bruhn’s remarks are, I consider, a valuable contribution 
to the discussion. I agree with him-that, while shipmasters 
have ways of their own for estimating the stability qualities 
of a ship, they are not likely to be able to appreciate the 
effect of a departure from normal design. The only coursc 
in such a case would be to give special instruction. I have 
suggested in the paper that masters of turret ships should 
be provided with full information in regard to the stability 
of their vessels, as experience has shown that reliable 
officers, when so supplied, have been able to handle them 
safely. Dr. Bruhn appears to doubt whether it would be well 
if captains of vessels had a complete training in naval 
architecture. It is to be feared that few of them have any- 
thing approaching such an education; but surely since a little 
knowledge is a dangerous thing, an increase of it should 
conduce to safety. His opinion as to the amount and 
character of stability information which should be given to 
shipmasters is worthy of careful consideration. His advocacy 
of a mechanical rather than the usual geometric standard will 
doubtless appeal to many, but it may be questioned whether 
a note of the initial stiffness per degree of inclination would . 
be more impressive to the mind of the average shipmaster 
than the usual list of metacentric heights to which he has 
been accustomed, and which by actual experience he has 
learned to interpret with more or less success. I cannot quite 
agree with Dr. Bruhn that it is dangerous to supply captains 
with exact information in regard to filling and emptying ballast 
tanks at sea. Such & practice would, of course, be dangerous 
if it were meant that in using such information captains had 
to surrender their private judgment. But they are, I think, 
well aware that information of the kind referred to is for 
guidance only. I believe that the master who has sound 
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information in regard to the filling of his ballast tanks is less 


likely to run into danger than one who has to rely entirely 
on his unaided, and, it may be, untrained judgment. 

Mr. Riddlesworth directs attention to the form of the 
stability curves in the region of the origin. He is, of course, 
right in. what he says, and the irregularity, it is perhaps 
unnecessary to state, is due to the fact that tangents to the 
curves were not employed to determine the direction at the 
origin. The oversight, fortunately, does not materially affect 
the value of the curves, and, indeed, the difference involved 
is hardly appreciable, except in the case of Fig. 3, which is 
amended and reproduced for comparison in Fig. 9. 

Dr. Laws is correct in his surmise that the intention of the 
paper was, incidentally, to direct attention to the danger of 
free areas of fluid cargoes generally, and I have to thank him 
for adding the formula giving the reduction in effective meta- 
centric height for the general case. I agree with him that, 
to those able to understand it, the expression showing the 
effect of the free liquid on the righting-moment is sufficiently 
impressive to preclude the need of detailed calculations and 
diagrams, but it is to be feared that purely mathematical 
demonstrations would have little weight with those whom it 
is most desirous to impress. Dr. Laws appears to believe that 
some shipbuilding firms do not fully realise the importance of 
investigating the stability of their vessels, and it is unfor- 
tunately true that in this he is by no means wide of the mark. 
But matters have improved in this respect within recent 
years, which no doubt accounts for the improved design of 
modern vessels. 


THE DEVELOPMENT OF THE SULZER ENGINE. 
By Engineer Lieut.-Commander L. J. Le Мезовлев, В.М. 


16th January, 1983. 


INTRODUCTION. 


THE development of large high-powered Diesel engines has, 
until recent years, been in the hands of a comparatively 
limited number of firms, but, with the rapidly increasing 
demands for large Diesel engines, there are now but few firms 
employed in the manufacture of prime movers who are not 
closely studying the application of the Diesel engine in all 
fields of engineering. Progress in the development of Diesel 
engines of high power has been slow in comparison with that 
of the small type of internal-combustion engine, these latter 
having reached a stage where few improvements, beyond the 
refinement of details, are possible. When consideration is 
given, however, to the enormous expenditure both in time and 
money which is incurred in even a single experiment on a large 
Diesel engine, it will be admitted that the difficulties in rapid 
progress have been very great. 

The object of this paper is to outline some of the principal 
steps taken in the development of the Sulzer engine during a 
period of about 20 years, illustrated in general by designs 
which have been tested in actual service. 


PERIopD 1893-1907. 

In 1893 Sulzers acquired the manufagturing rights of the 
Diesel patents, and in 1896 built their first experimental 
engine. It was not, however, until 1903 that manufacture 
was undertaken on an important scale. The design of engine 
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constructed at that time was of the four-cycle type, shown in 
Figs. 1 and 2, and in all the essential details it is remarkably 
similar to a modern engine. The framing is of the open A type, 
and takes the whole force of the working stroke between the 
cover and the main bearings. The two-stage injection air 
compressor is operated by a lever from the connecting-rod, 
and in the early designs of engines relied solely on jacket соо1- 
ing without the addition of any intercoolers. The introduction 
of intercoolers was soon found to be necessary in order to 
avoid trouble arising with the automatic air inlet and discharge 
valves due to carbonisation of lubricating oil; also explosions 
occasionally took place in the high-pressure air-injection pipes 
owing to vaporised lubricating oil forming an explosive mixture 
in the highly heated air. 

. The fuel valve is of the enclosed type, operated by a torsion 
shaft passing through a stuffing-box and gland. The levers 
actuating the air-starting and fuel valves are mounted on an 
eccentric fitted to a hand-operated fulcrum shaft, which 
enables the air-starting and fuel cams to be brought into action, 
as necessary, for starting. 

Between 1903 and 1907 approximately 70 engines of this 
type were built, ranging in power from single-cylinder engines 
of 25 brake horse-power up to three-cylinder engines of 750 
brake horse-power. А typical three-cylinder engine of 200 
brake horse-power, built in 1906, is shown in Fig. 3, the 
cylinders being 380 mm. in diameter with a stroke of 560 mm. 

Separate injection air compressors are provided for each 
cylinder, an arrangement which, although effective, 15 
naturally expensive to construct. The actual results of the 
trials on this engine were as follows :— 


Loan. 
Overload. Еш. IR Юе 
Brake horse-power -о `- - - 235 199-5 156 101 
Revolutions per minute - - - 185.8 1882 190 190 
Indicated mean-pressure, lbs. per square 
inch - - - - - - 109 94 78 60 
Mechanical ейсіспсу - - - - 775 75:5 69-5 60-6 


Fuel per brake horse-power per hour, lbs. 0417 0:416 04532 0486 


Fig. 1.—Four*Cycle Engine, 1904. 


Fig 3.—Four-Cycle Engine, 1906. 
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Early in 1904 a marine installation was built which is of 
some historical interest as being an early attempt to obtain 
a '' Diesel electric’’ drive. The vessel, the machinery of 
which consists of a non-reversible four-cycle two-cylinder engine 
of 50 brake horse-power, is shown in Fig. 4. 

When running ahead, an electric magnetic clutch enabled 
the propeller shaft to be coupled directly to the Diesel engine, 
and manceuvring astern was accomplished electrically, the 
engine being disconnected. The whole installation, although 
complicated, worked very well, but was too expensive to be 
considered an attractive proposition. The vessel, however, 
served a useful purpose in stimulating an interest in the appli- 
cation of the Diesel engine to the wider field of marine 
engineering. 

While manufacture during this period was confined entirely 
to engines of the four-cycle type, experiments were continually 
being carried out with a view to evolving a satisfactory two- 
cycle engine which, it was hoped, would reduce considerably 
the cost of manufacture of engines of the larger stationary 
types, and at the same time, in view of the possibilities of 
reversible marine engines, enable a much simpler design of 
engine to be produced. 

The first direct reversible marine engine, which was built in 
1905, is shown in Fig. 5. It is of the four-cylinder two-cycle 
type, with two scavenging valves in each cylinder head, the 
output being 100 brake horse-power at 400 revolutions per 
minute, and the cylinder dimensions 170 mm. by 250 mm. 
The two-stage injection air compressor is driven by a crank 
at the forward end of the engine, and the double-acting 
scavenging pump, placed behind the air compressor, is driven 
by levers from the air pump connecting-rod. А later develop- 
ment of this type of engine is shown in Fig. 6, the scavenging 
pump in this case having a separate crank. 

It will be noticed that each cylinder unit, comprising cylinder 
jacket, liner, and cover, is cast in one piece, these units being 
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bolted together and supported on steel columns fixed to the bed- 
plate. While this makes for compact design, it will be 
appreciated that the renewal of a worn cylinder becomes an 
expensive item. The incorporation of the thrust-block in the 
bedplate is a desirable feature in the design, and is still adopted 
in most modern Diesel marine engines. 


PERIOD 1907-1910. 


Figs. 7 and 8 illustrate the first large two-cycle stationary 
engine, built in 1907-8 and installed in an clectrie power station 
for supplying the town of Aarau, where it is still in service. 
The engine develops from 700 to 750 brake horse-power in three 
cylinders of 500 mm. by 720 mm. when running at 150 revolu- 
tions per minute, the brake mean-pressure being from 70 to 
75 lbs. per square inch. The air-injection and scavenging 
pumps are situated below the crank-shaft. 

The scavenging air enters the cylinder through four valves 
placed in the cylinder head, which, in addition, has openings 
for the air-starting and fuel valves, making six openings in 
all in the cylinder head. 

This construction of cover is obviously complicated, and the 
arrangement, including the valves and their gear, is costly to 
manufacture. In a larger engine, where heat conditions are 
more severe, the cover would be liable to crack owing to the 
difficulty in adequately cooling the restricted passages between 
the various valve openings. The piston is of the trunk type, 
and water cooled. The cylinder jacket and A frame are cast 
in one piece, which sustains the whole force of the working 
stroke. Forced lubrication is led into the main bearings and 
passes to the crank-pin, and thence to the gudgeon-pin by 
means of a hole in the connecting-rod. It is of interest to note 
that the gudgeon-pin bearing has a diameter of 170 mm. and 
a total length of 260 mm., which, allowing for a maximum 
pressure of 500 lbs. per square inch in the cylinder, gives a 
load of about 2,200 lbs. per square inch on the diametral plane. 
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No difficulties have been experienced with these bearings, 
although the loading would be considered extremely high in 


steam-engine practice. 


Fig. 8.—Two-Cycle Engine, 750 B.H.P., 1907. 


Between 1907 and 1910 several stationary engines of this 
type and size were put into service, and the design was, there- 
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fore, thoroughly tested under actual working conditions. The 
fuel consumption was considerably higher per brake horse-power 
than a four-cycle engine, owing chiefly to the large amount of 
power required for scavenging through the valves in the 
cylinder head, necessitating a pressure of approximately 4 to 
5 lbs. per square inch. Engines of this type, however, did 
not show sufficient advantages in economical manufacture over 
the four-cycle type, or obtain in practice results good enough 
to justify a strong policy in favour of the two-cycle engine. The 
results, however, clearly suggested the great possibilities of the 
two-cycle engine, and indicated the direction in which improve- 
ments were to be sought. 


PERIOD 1910-1915. 


Experiments carried out with scavenging through ports in the 
cylinder liner eventually led to the permanent adoption of a 
modified form of port scavenging, patented in 1910, which is 
now recognised as the outstanding distinctive feature of the 
Sulzer two-cycle engine. An early and notable application of 
this principle was in the four-cylinder engines, Fig. 9, fitted 
in the twin-screw motor ship '' Monte Penedo," which was 
put in service late in 1912. Fig. 10 shows sections through the 
working cylinders, air compressors, and scavenging air pumps. 
The force of the working stroke is transmitted from bedplate 
to cover through steel columns, while lateral support and pro- 
vision for a single slipper guide is by means of a pair of cast- 
iron columns at the back and front of each cylinder. The 
cylinder dimensions are 470 mm. by 680 mm., and when 
running at 160 revolutions per minute the engine develops 850 
brake horse-power, the brake mean-pressure being 73 lbs. per 
square inch. 

This vessel, which is now in service under the name 
“ Sabara,’’ has had a chequered career. Up to the commence- 
ment of the war she had run approximately 65,000 miles, the 
only important defect arising being in the pistons, which, as 
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originally designed, failed owing to heat cracks. Replace 
pistons were supplied, and gave no further trouble. 

At the outbreak of the war the vessel, which was owned by the 
Hamburg-South American Line, was interned at Rio de Janeiro 
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Fig. 10.—Two-Cycle Marine Engine, 850 B.H.P., 1910. 


until 1918, when she was taken over by the Brazilians and 
chartered to the French Government. In the meantime the 
machinery was effectively put out of action by the German crew, 
and considerable temporary repairs had to be made before the 
vessel was able to put to sea. Eventually, in July, 1918, she 
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left for Gibraltar, having on board a Brazilian engine-room 
staff with no previous experience of Diesel machinery, and she 
remained in service until the end of 1920, covering in this 
period approximately 50,000 miles. During a voyage from 
Barcelona to New York the crank-shaft of the port engine 
broke, and was replaced at Fayal, in the Azores, delaying the 
vessel about two months. The cause of the failure of the shaft 
was primarily due to bad alignment of the main bearings, 
which, together with the rest of the working parts, had been 
allowed to get into a deplorable condition. In addition, how- 
ever, the dimensions of this shaft were undoubtedly much less 
than would be considered good practice to-day. The shaft 
strength was 20 per cent. less than is allowed by Lloyd’s, and 
the webs were also weak. No other instance has since been 
recounted of the failure of a Sulzer marine engine crank-shaft. 

On account of certain legal difficulties arising in regard to 
the charter, the vessel remained at Marseilles until August, 
1922, when she was handed back to the Brazilians, and is now 
in service once more. 

Recent voyages of this vessel аге: — 


Marseilles-Cardiff  - - 1,700 miles. 
Cardiff-Rio de Janeiro - 4,900  ,, 


EXPERIMENTAL 2,000 BRAKE HorsE-PowER SINGLE- 
CYLINDER ENGINE. 


In order to arrive at a definite idea as to the limits of output 
of a single cylinder, an experimental two-cycle engine was 
constructed in 1914 of 1,000 mm. cylinder diameter and 1,100 
mm. stroke, and was subjected to exhaustive trials under the 
supervision of Dr. A. Stodola. The engine is shown in Figs. 11 
and 12. 

The cylinder head rests on four columns of forged steel, and 
the cylinder is suspended from the head in such a way as to 
be capable of expanding freely downwards. Heavy cast-iron 
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12. -Single-Cylinder Experimental Engine, 2,000 B.H.P., 1914. 
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columns secure transverse rigidity, and carry the four slipper- 
guides of the symmetrical crosshead. АП working loads are 
taken by the steel columns, thus relieving the cast-iron framing 
from tensional stresses. Considering that the total working 
pressure on a piston of these dimensions amounts to over 800 
tons, the problem of designing both framework and running 
parts, particularly the gudgeon-pin bearings, was а formid- 
able one. Tests were made with and without the upper row 
of scavenging ports in action, and extracts from the results 
obtained on 18th November, 1914, are as fcllows : — 


Upper Scarenging Ports in Action. 


Duration in hours - - - - - - - - 6 i 

Revolutions per minute - - - - - - - 1496 148:8 
Indicated horse-power, main and auxiliary engines - - 3,297 2,811 
Brake horse-power, main engine - - - - - 2,058 1,986 
Indicated mean-pressure, lbs. per square inch, main engine 122 110 
Fuel per brake horse-power per hour - - - - 484 431 
Scavenging-air pressure, lbs. per square inch - - - 7 4:55 


The indicated horse-power refers to the total power of the main 
engine, together with an auxiliary engine employed for driving 
the scavenging and injection air pumps. The fuel consumption 
takes into account the fuel used by both of these engines, but 
the brake horse-power given is that of the main engine only. 

In the second trial recorded above, it will be seen that a 
material reduction was effected in the scavenging-air pressure 
with a consequent improvement in fuel consumption. A 
thermo element fitted in one of the exhaust port bars registered 
a mean temperature of 284 degrees C., the maximum tempera- 
ture recorded at any time being less than 350 degrees C. 

Several trials were carried out to see the effect of blanking 
off the upper row of scavenging ports and using the lower row 
of ports only for scavenging air. Trial D under these condi- 
tions took place on 15th January, 1915, and gave at the 
maximum output the following results : — 


Fig. 13.— T wo-Cycle Marine Engine, 1,600 В.Н.Р., 1915. 


Fig. 14.—Marine Engine Under Erection, 1,600 B,H.P., 1915. 
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Duration in minutes - - - - - - - - 32 

‘Revolutions per minute - - - - 135.2 
. Indicated horse-power (main and ailing engines - - 2,194 
Brake horse-power (main engine) - - - - - 1,449 
Indicated mean-pressure, main engine, lbs. per square inch 92 
Fuel per brake horse-power per hour - - - - - 509 
Scavenging-air pressure, lbs. per square inch - - - 9°6 


This comparison shows that there is a considerable loss in 
output and efficiency when scavenging takes place through the 
lower ports only, and confirmed many other similar experiments 
with smaller engines as to the advantages of having an upper 
row of scavenging ports controlled by a valve. The most 
important effect of these tests was, however, to inspire con- 
fidence in the possibility of dealing with the heat stresses and 
designing satisfactory mechanical arrangements of engines of 
any power that might reasonably be required either for marine 
or stationary installations. 


1,600 BRAKE НоввЕ-Рочев Two-CvcLE MARINE 
ENGINES (1915). 

Karly in 1915 two large marine engines of 1,600 brake horse- 
power each, and their auxiliaries, were completed and tested 
under the supervision of Dr. Stodola. Unfortunately, owing 
to the war, the vessel for which this installation was intended 
was cancelled, and it is, therefore, only possible to give the 
results obtained on the test bed, which make an interesting 
comparison with those of to-day, and also demonstrate that 
even in a two-cycle engine designed nearly ten years ago no 
difficulty was experienced in dealing with the essential problems 
of a marine engine developing, on overload, nearly 500 brake 
horse-power or 750 indicated horse-power per cylinder. Each 
engine has four cylinders of 680 mm. diameter and 960 mm. 
stroke, designed to develop 1,600 brake horse-power at 110 
revolutions per minute, Figs. 18 and 14. 

The engine framing consists of massive double guide-columns 
supporting an entablature from which steel columns transmit 

18 
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the working load to the eylinder covers. Two double-acting 
scavenging pumps are arranged behind the engine, and sre 
driven by levers from the crossheads. The controlled port 
scavenging valves are of the double-beat type, and are operated 
by cams. 

Extracts from the tests made in January, 1915, are as 
follows : — 


А Loan. 
One- Three- Full. Five- 
half. quarters. fourths. 
Duration in hours - - - - ] ] 48 ] 
Revolutions | er minute - - - 83 99-6 102 118-8 
Indicated horse-power - - i - 1,367 1,915 2,418 2,984 
Brake horse-power - - - 806 1,195 1,608 1,998 
Efficiency, per cent. - - - - |. 59 62 66 67 
Indicated mean-pressure, lbs. per square inch 72 89 102 117 
Fuel per indicated horse-power рег 
hour, lbs. - . . - :29 :297 :315 349 
Fuel per brake horse-power per hour, lbs. 492 480 479 520 
Scavenging-air pressure, lbs. per square 
inch - - - - 5 - 1-7 2.6 3:1 3*7 
Exhaust temperature, degrees F. - 332 426 539 698 


‘The fuel used during these tests was a crude oil having a 
specific gravity of :03, with a calorific value of 18,000 B.Th.U.’s 
рег №. The consumption per brake horse-power per hour 15 
much higher than is obtained at the present day, owing prin- 
cipally to the improved scavenging arrangements, which now 
only require a pressure of about 1:5 lb. per square inch. For 
instance, in tests carried out last уеаг on two engines of about 
the same size, four evlinders each 680 mm. by 1,200 mm., 
for the motor ship °“ Camranh,’’ with turbo-blowers instead 
of reciproeating seavenging pumps, the results, taking into 
account the fuel used by the main engines and their auxiliaries, 
were as follows:— 


Loap. 
half. quarters, Full 
Revolutions per minute - - - - - 68:1 114 87:25 
Brake horse-power - . - - =- - 863 1,289 1,750 
Fuel per brake horse-power per hour, lbs. - - 9 411 :399 
Seavenging-air pressare, lbs. per square inch - 97 1°35 1:5 
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On overload this engine developed 2,200 brake horse-power 
at 91 revolutions per minute, which represents a brake mean- 
pressure of 88 lbs. per square inch. 


STATIONARY ENGINES, 1915-1922. 


While four-cycle engines continued to be built in sizes up 
to 1,000 brake horse-power, all engines above this were exclu- 
sively of the two-cycle type; the controlled port scavenging 
having been definitely adopted and improvements confined to 
modifications in the engine framing and to details of construc- 
tion, with a view to obtaining greater efficiency and reliability 
and a reduction in the cost of manufacture. The experience 
gained in the construction of large two-cycle units up to 1915 
may be gauged by the fact that, up to this date, the following 
engines had been supplied : — 


ID EL Ж > 

4 3 750 3,000 
2 4 850 1,700 
10 4 1,000 10,000 
5 4 1,500 1,500 
2 4 1,600 3,200 
1 4 2,000 2,000 

27,400 


Figs. 15 and 16 show sections through a six-cylinder stationary 
engine constructed, in 1915, to develop 4,000 brake horse- 
power at 182 revolutions per minute, the cylinder dimensions 
being 760 mm. diameter and 1,020 mm. stroke. From 
these sections and Fig. 17 the general arrangement of the 
framing can be observed, also the disposition of the double 
scavenging pumps and air compressor. The trunk pistons : 
of the scavenging pumps effect the first stage of the injection 
air compressor, the remaining second and third stages 
being provided for by a compressor situated between the 
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scavenging pumps. Fig. 17 shows the construction of the 
framing, in which steel columns extend from the bottom of 
the bedplate to the cylinder covers. _ 

A later development of this type of engine can be seen in 
Fig. 18, illustrating a four-cylinder two-cycle engine of 2,300 
brake horse-power to run at 125 revolutions per minute, installed 
early in 1919 in an eleetrie power station at Lugano. The 
steel columns in this ease only extend to the cylinder jacket 
and not to the cover, an arrangement which simplifies the 
making of the joint with the cylinder liner. 

Marine engineers are inclined to regard the conditions of 
service in a stationary plant as much less arduous and exacting 
than those which obtain in a marine installation. While it 
must certainly be recognised that the Diesel engine has to be 
designed to meet the special conditions arising in each сазе, 
it is by no means to be taken as granted that the marine con- 
ditions are more difficult to fulfil. The stationary plant coupled 
to a generator has, for instance, to maintain a uniform speed 
under widely varying conditions of load, and, apart from the 
difficulty in providing an efficient governing arrangement, the 
engine does not settle down to a favourable steady condition 
of temperature such as is obtained during the prolonged run- 
ning usual with a marine engine. 

It is well known that the variation in the quantity of the 
fuel injected secures an immediate adaptation of the power 
developed by the engine to the load; but in order to ensure 
complete and smokeless combustion at all loads, it is also 
necessary to regulate the pressure and the quantity of air 
injected. When the load varies, the movement of regulation 
is determined by the governor. As can be seen from Fig. 19, 
the governor A controls the fuel feed by varying, in exact cor- 
. respondence to the load, the length of time during which the 
suction valve of the fuel pump B is left open. The governor 
is also powerful enough to move the air throttle D, which is 
situated in the suction pipe of the first stage of the compressor, 
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and regulates the quantity of air drawn in to the quantity of 
fuel injected. It follows, therefore, that in order to avoid a 
disproportionate flow of cold injection air when the load on 
the engine is reduced—which would cause, in addition to 
defective ignition, a sudden fall of pressure in the air vessel E 


| ЖА TIT 
UE 


Fig. 19.--Governor Gear for Stationary Engine. 


—it is also necessary to vary the lift and the duration of 
opening of the fuel needle V. This is effected by a servo-motor 
S, as the governor is not sufficiently powerful to do this. The 
piston of the servo-motor is spring loaded on one side, and on 
the other side is exposed to the pressure of the compressor air 
after the first stage of compression, a pressure which itself 
is regulated as already described. The servo-motor is for this 
purpose in communication with the low-pressure receiver R. 
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A hand-wheel on the servo-motor enables the controller to be 
set in the correct position for starting the engine. 

The injection pressure, which, in the air vessel Е, varies 
according to the load on the engine, cannot, however, because 
of the inertia of the air contained in this vessel and in the 
compressor system, pass instantaneously to the new state of 
equilibrium when the load undergoes sudden and exceptionally 
large variations. Consequently, for a few revolutions, the 
quantity of fuel measured by the governor will be injected 
and atomised at a pressure either too high or too low. That, 
however, will have no effect on the quality of the regulation, 
and will at the worst only make itself felt in the exhaust, which 
will for the moment not be clear. But in the Lugano mains 
the variations, although large, are not suffieiently important to 
take this factor into account, and the regulation of the injection 
pressure follows every variation in the load. 

It may be mentioned, however, that good combustion can 
always be obtained, even in the case of engines in power 
stations for railways or tramway supply, for instance, which 
have to adjust their power to continual and sudden variations 
of load. For this purpose they are equipped with a needle 
valve, marked P in the illustration. This is operated by rods 
from the servo-motor, and, owing to its being placed directly 
in front of the fuel valve, ensures instantaneous regulation of 
the injection pressure, the pressure in the air vessel E remain- 
ing constant. This apparatus, which is not fitted to the Lugano 
plant for the reasons given above, is provided with a bye-pass, 
the flow being controlled by a spindle so as to be just sufh- 
cient for the requirements of the engine when running light, 
the throttle opening as the load increases. 

Fig. 20 shows a typical watt meter reading taken from the 
Lugano installation. This should be read from right to left, 
and indicates that within a few minutes of starting the load 
reaches a maximum and then fluctuates continually, while the 
speed of the engine has to remain as nearly constant as possible. 
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Another example of the conditions to be fulfilled by 
stationary engines is illustrated in Fig. 21, which shows the 
kilowatt readings taken during a normal non-stop run of one 
week of a large six-cylinder engine. The average load is 
approximately 1,500 kilowatts or 2,200 brake horse-power, but 
at times the load rises above 2,000 kilowatts or about 
8,000 brake horse-power, and on one occasion it reached 
2,500 kilowatts or 3,750 brake horse-power. This particular 
engine has been in service since 1916, and still retains 
the original pistons, cylinder covers, and liners. There 
are on record a few reports of cracks occurring in the 
covers and liners of stationary engines, and in every case 
the fault seems to have been clearly attributable to deposits 
forming in the cooling water spaces. In one instance a cylinder 
cover which cracked was found to contain a muddy deposit, 
mainly of calcium sulphate, approximately four inches thick. 
Unless a ship is continually operating in muddy or sandy 
waters it is improbable that similar difficulties will arise where 
sea-water cooling is used, but where any doubts exist they 
can be easily removed by a periodical inspection and cleaning 
of the important surfaces, which are made easily accessible for 
this purpose. 


SMALL DIESEL ENGINES. 


Until a few years ago it was Sulzer practice to make all 
small stationary engines and marine auxiliary engines of the 
ordinary four-cycle Diesel type, with air injection. The latest 
(RV) type of engine for such purposes is a two-cycle engine 
with airless injection and crank-case scavenging, in which latter 
feature the engine bears a resemblance to the well-known semi- 
Diesel or hot-bulb engine. The compression pressure is about 
450 lbs. per square inch, and is sufficient to cause ignition as 
in an ordinary Diesel engine; there is thus no necessity for a 
hot bulb, and the fuel consumption is approximately the same 
as would be obtained by a Diescl engine with air injection. 
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Compressed air stored at a pressure of from 300 to 100 lbs. per 
square inch is used for starting purposes, and is supplied by a 
small two-stage compressor, which may be either coupled to the 
engine or hand operated. 

For locomotive work the same system of fuel injection is 
used, but the engine. being of the V type, does not lend itself 
readily to crank-case scavenging, and the four-stroke cycle is 
chosen. A further advantage of the four-cycle type is that the 
temperature of the exhaust being much higher than in a two- 
cycle engine, the exhaust gases are available for heating 
purposes. 

A full description of a Diescl-eleetrie rail ear fitted with a 
Sulzer engine of 200 to 250 brake horse-power was published 
in “Тһе Engineer” on 29th December, 1922. 


MARINE ENGINES, 1915-1922. 


The war greatly handicapped the manufacture of marine 
engines for merchant vessels, but during this penod many 
engines were built for gunboats, naval patrol vessels, tugs, 
ебс., of a design suitable for merchant vessels, totalling in all 
over 45,000 brake horse-power. In addition, about 60 sub- 
marine engines were built, the aggregate brake horse-power 
being over 55,000; the largest unit was an eight-cylinder engine 
of 8,500 brake horse-power running at 300 revolutions per 
minute, Fig. 22. Besides these engines, quite a number 
of marine engines for merchant vessels have been built at 
Winterthur, making the total output of marine engincs at 
the present date more than 200,000 brake  horse-power. 
All these engines are of the two-cycle type with controlled 
port scavenging. In the earlier engines the valve controlling 
the upper port was of the double-beat type, operated by cams 
in a similar manner to the valves shown in the stationary 
engines, but later a simplification was cffected by using a 
rotary valve which revolves at half the crank-shaft speed. 
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The first type of submarine engine, built in 1911, is shown 
in Fig. 28. The valve rods operating the upper scavenging 
valve can be seen between the cam shaft and the scavenging 
trunk. This engine, which develops 800 brake horse-power 
at 500 revolutions per minute, has ‘trunk pistons, and the 
cylinders have enclosed ends, no covers being fitted, so that 
the dismantling of the pistons is effected from below. 

Cylinder Cover. In all the engines previously described the 
cover is provided with separate openings for the fuel valve, air- 
starting valve, and decompression valve, the latter valve being 
provided in order to relieve the compression in the cylinder 
when starting with air. A very great improvement in cylinder- 
head construction was effected by combining all these valves 
in one valve box, which can be placed in a single central open- 
ing in the cylinder cover, thereby simplifying the casting and 
rendering it perfectly symmetrical. 

In addition, to avoid stresses due to expansion radially, the 
under side of the cover only extends to the pressure joint 
between the cover and liner, and not to the outer edge of the 
cover. The under side of the cover is slightly domed, and in 
conjunction with a similarly shaped piston-head provides a 
well-shaped combustion chamber. No instance has yet been 
recorded of any cover of this design failing due to heat cracks 
or any other cause. 

The arrangement within the combined valve-box illustrated 
in Fig. 24 includes the fuel and main air-starting valve, while 
‘a separate advance air-starting valve is fitted to the combined 
valve-box. The main valve is operated by a control shaft, which 
is turned either by hand or by an air-driven starting engine, 
and is kept open while the engine is being started by com- 
pressed air. The advance valve is also brought into action by 
a movement of the control shaft, but is opened at the proper 
time by a cam on the main cam-shaft. 

It will be seen that as soon as the main valve is opened there 
is a clear passage between the cylinder combustion chamber 
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and the atmosphere or scavenging trunk, and the compression 
pressure in the cylinder is thus released. The first motion of 
the rocking lever operating the advance valve relieves the pres- 
sure above this valve by opening the small spring-loaded valve 
which first makes contact with the rocking lever. А further 
movement of the lever causes the advance valve to close the 
port leading to the scavenging trunk or atmosphere, and finally 
the valve opens communication between the starting air and 
the cylinder. This arrangement has the advantage of com- 
pletely isolating the cam-operated advance valve from the com- 
bustion space, since the main valve is shut while the engine is 
running, thereby reducing the chance of the valve sticking ; also 
leakage of starting air into the cylinder or the introduction 
of burning gases into the starting air system is obviousiy 
impossible. 

The reversing arrangements, consisting of separate ahead 
and astern cams with their rollers, will be understood by refer- 
ence to Fig. 24. It will be observed that the link carrying 
the cam roller can be swung about the pin at the end of the 
valve lever, thus the clearance can be adjusted while the engine 
is running in a similar manner to the stationary type of engine 
already described. For running at variable loads, an arrange- 
ment of this kind is found to give good results. 

Scavenging Pumps. All stationary engines up to 4,000 brake 
horse-power and marine engines of moderate power have been 
built with reciprocating scavenging pumps driven directly from 
the crank-shaft. Advantages have, however, been found to 
result by using separately driven turbo-blowers, particularly in 
cases where weight and space consideration are important, as 
in submarines, and generally in marine engines exceeding about 
1,500 brake horse-power, where the dimensions of the blower 
can be made sufficiently large to provide the necessary 
scavenging-air pressure in a single stage without running at an 
excessively high speed. 

The power absorbed by the turbo-blower is from 5 to 6 per 


‘эмо sue рлероез$ "d'H:H 000'7—'sz 24 


THE DEVELOPMENT OF THE SULZER ENGINE 173 


cent. of the total brake horse-power of the main engines, and 
in submarines, can be supplied by the main motor-generator 
on the intermediate shafting used for under-water propul- 
sion and for charging the batteries. In an emergency 
all the current may be taken direct from the batteries, thus 
obtaining the greatest possible amount of power from the main 
engines. A cargo vessel equipped with  electrically-driven 
winches will, in most cases, have sufficient power in the 
auxiliary Diesel engine generators to provide the power neces- 
sary for the turbo-blowers at sea, while with steam winches and 
steam deck machinery a steam turbine may preferably be used 
instead of an electric motor. 

The twin motor ship '' Handicap," of 2,700 shaft horse- 
power, is fitted with turbo-blowers running at about 2,700 
revolutions per minute, and the results so far have been entirely 
satisfactory, the vessel having covered approximately 49,000 
sea miles from December, 1921, to January, 1923. 

An example of the present-day design of marine engine is 
‚ shown in Fig. 25, illustrating two four-cylinder engines, each 
of 1,700 brake horse-power, for the motor ship '' Camranh.’’ 
In all respects the design follows exactly the same lines as 
in the case of the ‘‘ Handicap ’’ engines, but the cylinder 
dimensions are larger. The cross section through the engine, 
Fig. 26, illustrates the general features of the design. The 
cylinder jackets are bolted to the cast-iron columns forming 
the enclosed crank-case, this construction providing somewhat 
greater rigidity than the combination of steel columns and 
entablature referred to in previous designs of both stationary 
and marine engines. The crosshead is symmetrical with four 
guide surfaces fitted to the columns. The piston is cooled by 
sea-water through an arrangement of telescopic pipes, which 
dispense with the necessity of having stuffing boxes or glands. 
The water reaches the piston head in a jet, and drains away 
freely through open pipes to a funnel and thence to the 
bilges. 
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Fig. 26.--Section through Standard Marine Engine. 
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LARGE MARINE ENGINES. 


The motor passenger liner of 18,000 brake horse-power now 
under construction at Fairfield, represents a notable advance 
in the progress of the motor ship. Being a four-shaft ship, the 
engines themselves are of comparatively moderate power, and 
all the essential problems have long since been dealt with and 
solved satisfactorily. It is perhaps interesting to speculate 
upon the maximum power per unit that may be obtained with- 
out taking either undue risks or departing from the general 
design of single-acting two-cycle Sulzer engines already 
described. As the machinery installations of all merchant 
vessels, with the exception of fast passenger liners, will cer- 
tainly fall within this maximum, it is proposed to examine a 
project for a naval vessel having four shafts and developing 
40,000 brake horse-power with eight-cylinder engines running 
at 170 revolutions рег minute. The proposed machinery would 
be as follows : — 


Main Auxiliary 

Engines. Engines. 
Number of engines - - - - - 4 4 
Number of cylinders per engine - - 8 4 
Diameter of cylinder, mm. - - - 850 410 
Stroke of cylinder, шт. - - - - 1,100 600 
Brake horse-power per engine - - - 10,000 1,000 
Indicated horse-power per engine - - 12,600 1,430 
Revolitions per minute  - - - - 170 240 
Piston speed in feet per minute - - 1,230 945 
Indicated mean-pressure, lbs. per square inch 94:5 92 


The turbo-blowers and cooling-water pumps are electrically 
driven and absorb per main engine approximately 700 brake 
horse-power, supplied by the auxiliary engines. 

The total weight of the main and auxiliary engines, turbo- 
blowers, and pumps with their motors, air reservoirs, com- 
pressors, silencers, etc., amounts to about 2,750 tons. The 
weight is thus 150 lbs. per brake horse-power, which compares 
with about 70 lbs. per brake horse-power for submarines, and 
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290 lbs. per brake horse-power for ordinary cargo vessels fitted 
with Sulzer two-cycle main and auxiliary engines. 

The following table shows a comparison with the proposed 
design embodying the following engines :— 


1. Stationary engine of 4,000 brake horse-power with six 
cylinders, Type 67800, completed in 1915, having direct- 


| . Cargo | Proposed 
Type. Stationary , Submarine. Vessel. | Engine 
6 Z 300 8Q 54 4ST68 | 8ST85 
| Weight of one main engine | | | 
| intos- - - -| 34 ! 745 204 | 595 
Weight of one corresponding | | 
auxiliary engine without | | 
dynamo - - - - — 16 | 17 67 
Brake horse-power (total) - | 4,500 3,500 | 2,000 10,000 
Brake horse-power per | 
cylinder - - - -| 750 435 500 1,250 
Revolutions per minute - 132 300 100 170 
Cylinder diameter, шт. - 760 540 680 850 
is Уз inches - 30-4 21:3 26-8 38:5 
s stroke, mm. - . 1,020 570 . 1,200 1,100 
К , inches - 40 224 | 465 43-4 
Piston speed, feet рег | 
minute - - - -| 88 | 1,120 | 790 | 1230 
Indicated mean-pressure in | 
' lbs. рег square inch - 94 100 | 93 94-5 
Weight of engine in tons рег 


cubic foot of stroke volume 3°42 2.02 | 3°30 2.98 
| 


driven scavenging pumps. With separate electrically-dnven 
scavenging blowers, the power would be 4,500 brake 
horse-power when working with the same indicated mean- 
pressure, and for purposes of comparison this power has been 
assumed. 

2. Submarine engine of 3,500 brake horse-power having 
eight cylinders, Type 8Q54, with separate electrically-driven 
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scavenging blowers. This engine developed 3,745 brake horse- 
power while on trial in 1920. 

3. Standard marine engine, Type 4ST68, of 2,000 brake 
horse-power, having four cylinders and separate electrically- 
driven scavenging blower. | 

Piston Speed. In accordance with the usual. practice for 
naval machinery, the piston speed is higher than in other 
examples of actual engines, but this does not present any 
difficulty in regard to scavenging and charging the cylinder, 
while as regards the mechanical arrangements, due considera- 
tion is given to reducing the reciprocating and rotating masses 
by using material of greater tensile strength. In submarine 
engines built by the M.A.N. Co., piston speeds as high as 
1,470 feet per minute have been successfully realised in 
practice. 

Mean Pressure. A very moderate indicated mean-pressure 
of only 94:5 lbs. per square inch has been chosen, which should 
allow for a good margin of overload. The 1,250 brake horse- 
power engines in the ''Conde de Churruca’’ have worked 
continuously for long periods at indieated mean-pressures of 
about 117 lbs. per square inch without any visible signs of 
overload, and with a elear exhaust. 

Fig. 27 shows a comparison between the proposed design 
of cylinder and some designs of cylinders already соп- 
structed. Progress has been in the direction of simplifying 
the castings of liners, cylinder covers, and pistons, and in pro- 
viding large cooling-water spaces free from any obstruction. It 
has also been found possible, owing to improvements in design, 
to lessen the thickness of material in the above-mentioned 
parts, thereby reducing stresses due to the temperature differ- 
ence between their inner and outer surfaces. On the whole 
the thermal conditions in the proposed design are, therefore, 
more favourable than in either the experimental 2,000 horse- 
power single-cylinder engine or the 6Z300 engine, which has 


been in service for about six years. 
14 
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A comparison of overall dimensions of the proposed engine 
with other existing engines is shown in Figs. 28 and 29. In each 
figure these sketches are all made to the same seale, and indicate 
that an engine of 10,000 brake horse-power does not involve a 
layout greatly exceeding what has actually been accomplished. 

The weight of the proposed engine per cubic foot of cylinder 
volume lies between the weight of a stationary engine and sub- 
marine engine measured on the same basis. The submarine 
engine, owing to limited head-room, requires a much smaller 
stroke-bore ratio, namely, 1:05, whereas the proposed design 
allows of a ratio of L3, which is more favourable, as it 
increases the mechanical efficiency from about 68 to 74 per cent. 

In ealeulating the efficiency, the power for driving the 
scavenging pumps is deducted from the total brake horse-power 
of the engine. Thus the efficiency of the proposed engine 

10,900 — 700 
~ 12,000 | 

Taking into account the comparatively light moving masses, 
the total weight allows of sufficient material being put into 
the bedplate, framing, and cylinders, to ensure adequate 
rigidity of the whole structure. 

Fig. 30 shows a section through the engine which does not 
differ in any essential feature from the standard type of Sulzer 


=74 per cent. 


marine engine. 

lig. 31 shows a general arrangement of the machinery with 
four shafts in a ship of 66 fect beam, the total length of the 
machinery space being about 114 feet 6 inches. 

Among the advantages that may be mentioned for a naval 
vessel equipped with Diesel instead of steam machinery are : — 


1. Increased radius of action on a given supply of fuel. In 
the proposal described the consumption of fuel at full power 
would not exceed 185 tons per day, or less than half that 
required for a steam vessel of the same power. 

2. The ability to proceed to sea at short notice or tc increase 
"pidly from cruising to full speed. 
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3. Absence of uptakes and funnels, with consequent advan- 
tages in the disposition of armament and in less vulnerability 
to attack from above, owing to the reduced area of openings 
in the armour deck. In an aircraft carrier a perfectly free 
landing deck can be easily provided. 

4. Risk of being put out of action by damage to steam 
pipes or boilers entirely eliminated. 


These advantages would appear sufficiently important to 
induce naval constructors to study the possibilities of high- 
powered Diesel engines, the employment of which in naval 
craft would doubtless lead to results not less far reaching than 
may be confidently expected from the 13,000 brake horse-power 
passenger-liner now under construction at Fairfield. 


Discussion. 


Mr. W. R. Cummins (Member): Referring to the tests on 
the 2,000 brake horse-power single-cylinder engine, page 160, 
it is stated that a thermo-element was fitted in one of the 
exhaust ports, and that the maximum temperature recorded at 
any time did not exceed 350 degrees F. This temperature 
appears very low, considering the fact that the indicated mean- 
pressure in one test was as much as 122 lbs. per square inch. 
In the tests of the two-stroke engines of the M.S. '' Imperatriza 
Alexandra " given in ‘‘ Engineering’’ of 22nd December, 
1916, the temperature of the exhaust gases with a mean 
pressure of 105 Ibs. per square inch was 358 degrees C., which 
makes it appear probable that degrees Е. is a misprint for 
degrees C. in the paper. 

There is also in the paper a comparison of efficiency madeo 
with and without the auxiliary scavenging-air ports. This is 
very unfair to the ordinary port scavenging arrangement for two 
reasons. In the first place, there is no deflector on the piston 
to compel the scavenging air on entering the cylinder to travel 
upwards towards the cover. The air simply rushes over the 
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piston top and out of the exhaust ports. It is true that the 
ports are inclined upwards, but not sufficiently so to shoot the air 
to the top of the cylinder. In the second place, the scavenging- 
air pressure is 9:6 lbs. per square inch for 2,194 indicated horse- 
power, against only 4°55 lbs. for 2,811 indicated horse-power. 
This higher pressure for less indicated horse-power decreascs 
the brake horse-power, and consequently increases the fuel per 
brake horse-power. The only fair method of comparison would 
be to test the normal Sulzer engine against a properly designed 
port scavenging engine, at the same mean-pressure and the 
same scavenging-air pressure. The object of scavenging in the 
case of the two-stroke Diesel engine is to admit sufficient air 
to the cylinder, so that when compression begins there will be 
present in the cylinder sufficient air, and a sufficient surplus of 
air, to ensure perfect combustion of the fuel. It is a different 
question with the gas engine, where it may be necessary for 
ignition purposes to get rid of as much of the exhaust gases as 
possible. In the case of the Diesel engine any excess of air 
beyond that required for perfect combustion is a disadvantage, 
as it lowers the thermal efficiency. For submarine or naval 
engines, where a high mean-pressure may be required to save 
weight, the auxiliary ports should be most uscful, but it is a 
question if the extra complication will pay for mercantile 
marine engines. 

Referring to the design of marine engine comprising units 
of 10,000 shaft horse-power proposed for naval work but also 
suitable for large passenger vessels, the following table gives a 
comparison of weight and length of crank-shaft of (1) the 
Sulzer engine as proposed in the paper, (2) an engine of the 
same shaft horse-power but with a working pressure of 200 lbs. 
per square inch in place of the 500 lbs. of the Sulzer engine, | 
and (3) an engine of 200 lbs. working pressure but with six 
cranks instead of eight. The indicated horse-power, stroke, 
revolutions per minute, bearing pressures, mean turning- 
moment, and erank-shaft stress are the same in all caser. 
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By reducing the pressure to 200 lbs., it will be seen that 
27 inches can be taken off the diameter of the shaft and 33 
per cent. off the weight, and by using six eranks in place of 
eight the length of the engine can be more than halved. This 
should be of great advantage in the case of an engine for naval 
work, and the saving of weight and space would easily counter- 
balance the increased fuel consumption. The reduction of 
weight applies not only to the crank-shaft, the most expensive 
item of the engine, but also to the whole of the engine, owing 
to the reduction in the working pressure. 


COMPARISON OF CRANK-SHAFTS. 


Initial pressure, lbs. - - 500 200 | 200 
No. of cranks - - - 8 8 6 
Stroke, inches - - - 434 434 433 
Revolutions per minute - 170 170 170 
CHP. 25 ж в m № 12,400 12,400 | 12,400 
Diameter of cylinder, inches - 334 42 | 484 
Mean pressure, lbs. per square 

inch 5 52 4. эй 941 | 60 60 
Initial load, lbs. - - - 440,700 278,000 367,000 | 
Pressure on crank-pins, Ibs. 

per square inch - - | 800 800 800 
Pressure оп main bearings, lbs. 

per square inch - - 300 300 300 


Mean turning-moment, inch-lbs. 4,600,000 4,600,000 4,600,000 
Maximum turning - moment, 


inch-lbs. - - - - i 5,050,000 5,050,000 5,750,000 
Bending-moment, inch-lbs. - 5,950,000 3,080,000 4,480,000 
Combined moment, inch-lbs. - 13,743,000 8,980,000 | 10,901,000 
Stress, lbs. per square inch - 6,900 6,900 6,900 
Diameter of shaft, inches  - 213 183 20 
Relative weight - - - 100 67 63 


Length of engine - - - 82 ft. 63ft. 4in. | 40ft. 3in. 


In the case of the mercantile engine, the great advantage is 
in the reduction of capital cost. By increasing the stroke a 
few inches and decreasing the revolutions, a built crank- 
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shaft becomes quite practical, and will still further reduce 


the cost of the shaft. Against the saving in weight, space, 
and cost has to be placed an increase in the cost of fuel, due 
to the lower pressure. This amounts to 51 per cent., and is 
the reduction in thermal efficiency alone. No account is taken 
of increased mechanical efficiency and any gain there may be 
owing to the injection air being compressed to 800 lbs. instead 
of 600 lbs. The interest on the capital eost saved, largely 
exceeds the increased cost of the fuel. The correct ignition 
temperature is obtained by preheating the scavenging air. 
Mr. ARCHIBALD RENNIE (Member): To any one interested in 
the design and construction of the internal-combustion engine, 
the story of the development of the Sulzer engine as told in 
this paper makes interesting reading. From its very nature 
much of the matter is a record of facts which admit of no dis- 
` pute. One cannot but admire the courage shown by Messrs. 
Sulzer Bros. in the early years of their experienec, and the 
patience and perseverance displayed by them in overcoming 
difficulties and in perfecting their engine; there is much 
encouragement for others to be noted in the fact that some 
ten years of experimental work were required before Messrs. 
Sulzer Bros. were able to undertake manufacture on an 
important seale. Progress in the development of the high- 
powered Diesel engine, as the author tells us, has bcen slow 
in comparison with that of the lighter type of engine; but it is 
worthy of note that as early as 1906 Messrs. Sulzer Bros. 
obtained a fuel consumption of ‘416 Ib. per brake horse-power 
per hour at full load from a four-stroke engine of fairly large 
type, and, as that is almost as good as the average con- 
sumption obtained from the four-stroke engine of to-day, it 
would seem to izdieate that the improvements of the past 17 
years or so have been effected more in the mechanies than in 
the economies of the Diesel engine. Further on in his paper, the 
author appears to indieate that the slow development of the 
high-powered engine is due largely to thermal considerations, 
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and to the difficulty experienced in reducing the thickness of the 
cylinder liner and the cover to dimensions which would ensure 
immunity from failure due to heat stresses, and at the same 
time enable them to stand up to their work. Їп this I agree 
with him, but would like to mention that the solution in large 
part of that problem is one of the features of the Still engine, 
and, if I might do so, I would suggest to the author that he 
could not do better than consider the advantages which would 
accrue to the Sulzer engine by the application of a Still liner, 
especially for high powers. 

The author does not appear to think that the difficulties of 
the marine engine are any greater than those to be met with 
in land installations, and instances uniform speed at varying 
loads, governing, and temperature considerations as special 
difficulties of the stationary engine. I would not minimise 
these difficulties in the least; but it must not be overlooked 
that at times the marine engine has also to face fluctuations 
in load that are just as trying as those to be dealt 
with by the stationary engine; and, if the requirements 
as to governing of the marine engine at sea are not so 
exacting, it is largely because of the complexity of the 
problem. A ship's engine-room is necessarily a confined space, 
where the engine is secured to a more or less elastie and 
unstable foundation, liable at any moment to make all sorts 
of angles with the horizontal, and under these conditions the 
engine is subjected to racking stresses to which the stationary 
engine is a stranger; and, in addition to all that, the marine 
engine has to carry the burden of reversing gear, and has 
to respond at once to the demands made upon it when 
manouvring the ship. These are all important factors, it 
seems to me, which do not find any counterpart in the 
stationary engine, but which all enter very largely into the 
design and the performance of the marine engine, and make 
the marine engine problem, I think, a more difficult one than 
that of the stationary engine. 
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their more recent engines of small type, and in their loco- 
motives, Messrs. Sulzer Bros. have adopted airless injection 
of the fuel with consumptions approximately equal to those 
obtained with air-blast injection, and, that being so, one 
wonders why they do not adopt the airless system of fuel 
injection in their larger engines also, for surely the elimina- 
tion of the air compressor from the main engine would effect 
a desirable improvement. With regard to the 13,000 brake 
horse-power motor passenger-vessel referred to in the paper, 
one wonders why four shafts have been adopted, having regard 
to the fact that Messrs. Sulzer Bros. have the experience of 
a 2,000 brake horse-power cylinder to fall back upon, and are 
even now prepared to proceed with a 1,250 brake horse-power 
cylinder for the proposed naval vessel. It is usually accepted 
that any increase in the number of shafts above two is dictated 
by some limitation imposed by the type or the power of the 
prime mover, and, in view of Messrs. Sulzer’s experience with 
large power cylinders, it would be interesting to learn why 
in the case of the passenger liner referred to they have adopted 
four shafts, each with its relatively small diameter cylinder 
engine coupled to it. In concluding my remarks, I should like 
to express my appreciation of the work that Engineer Lieut.- 
Commander Le Mesurier has put into his paper. 

Mr. Harry CLARKE (Member): The author, in his very 
interesting paper on the development of the Sulzer engine, 
states that the only crank-shaft failure which Messrs. Sulzer 
Bros. have had occurred in the “ Monte Penedo,’’ and that this 
failure was due to the shaft having been allowed to wear 
seriously out of alignment. Considering the number of engines 
Messrs. Sulzer Bros. have constructed, this appears to be a 
marvellously good record, and it would be interesting to know 
of what material their crank-shafts are made and the method 
of manufacture, whether pressed or hammered, also the 
results of tests of material—tensile, elongation, Izod, and 
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particularly the true elastic limit. Possibly the author may 
be able to give us these particulars. І understand all the 
shafts are solid forged, but in such it is practically impossible 
to get the same quality of material in way of the fillets as 
in ‘the body of the shaft, and for this reason alone several 
Diesel engine makers are lengthening the stroke to enable 
them to fit built shafts. 

As a surveyor, I am possibly in a better position than most 
of our members to suggest that, in papers describing develop- 
ments it would be of the greatest interest and benefit if the 
authors would give particulars of failures and their causes 
which have been met during experimental work or runging on 
service. This information is usually very difficult to get; if 
more generally known it would save an immense amount of 
trouble, enable designs to be amended with a greater feeling 
of security, and place the oil engine much more rapidly in the 
position it should occupy as a propelling power at sea. 

Мг. W. HAMILTON Martin (Member): In putting forward 
the 40,000 brake horse-power four-shaft project for a naval 
vessel, the author has made a very interesting speculation, but 
its practicability can only be proved by actual results. Тһе 
total weight of the installation is given as 2,750 tons, which 
includes all auxiliaries, turbo-blowers, pumps, motors, air 
reservoirs, compressors, and silencers. It would be interesting 
if the author could give some idea of the weight and space he 
has allowed for the silencing arrangements necessary to 
extinguish effectively all tell-tale sparks, eliminate all smoke, 
and carry away the considerable amount of heat in the exhaust 
gases of these engines without creating undue back pressure. 
I do not quite see how it is possible to instal these arrange- 
ments in the space available. Although uptakes and funnels 
can be dispensed with entirely, as stated in the paper, most 
of the space saved would be required for silencing equipment 
which, presumably, would include four silencers of the usual 
bulky type, with their water-cooled exhaust connections and 
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expansion joints, ete. Leaving their weight out of the ques- 


tion altegether, no space for their accommodation would be 
avallable in the engine-room, as shown. Further, it would 
prove very difficult to maintain a reasonable temperature in 
the engine-room around and between the engines, and provide 
the engineer with the necessary space for purposes of overhaul 
and for carrying on with reasonable comfort. The adoption of 
power-driven ventilators would only make matters worse by 
adding to the weight and general congestion. When looking 
at the four engines side by side, one is inclined to ask whether 
i$ might not prove worth while to fit two engines in two sepa- 
rate engine-rooms. I believe such an arrangement would still 
compare favourably with the space required for steam plant, 
as part of these engine-rooms could then be utilised for fuel 
in side bunkers. 

In such naval vessels it is of very great importance to 
eliminate smoke by day and sparks by night so as to minimise 
detection by sight, and, of course, maximum silencing is 
necessary to escape detection by sound. Moreover, when 
navigating in fog our ear is our best pilot still, and therefore 
no unnecessary sounds should be allowed. Clean decks and 
awnings and unobscured outlook all round would be appre- 
ciated by crew and passengers alike in all vessels. Му 
father devised a means of silencing which has found wide 
application, and in which no bulky silencers are required; 
only a small ejeetor-valve is used, whieh effectually damps 
the impulse action of the escaping gases, thereby eliminating 
all noise, requiring negligible space and weight, while it also 
meets the requirements mentioned previously. Possibly the 
suetion of the turbo-blowers might be utilised for ventilating 
purposes, or the eseaping exhaust gases might be used profit- 
ably to ereate the necessary draught. The latter method has, 
in faet, proved a very simple and effective one indeed. 

In aiming at the perfection of internal-combustion engines 
for all powers for marine purposes, all reticence regarding 
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progress made should be avoided, and everyone interested 
should be encouraged to give his aid freely to assist develop- 
ment. I wish to express my gratitude to the author for his 
valuable and interesting paper. 

Mr. A. D. Bruce (Associate Member): The author has done 
a service to marine engineers in this country by giving an 
historical account of the activities of Messrs. Sulzer Bros., of 
Winterthur, and in showing the prominent part they have 
taken in the development of the heavy oil engine for bcth land 
and marine purposes. They have probably more experience 
of four- and two-cycle engines than any other engineering 
concern, and are thus better able to gauge the respective merits 
of each type. Further, they have ceaselessly developed the 
two-cycle engine until all but the minor difficulties of this type 
have been overcome, and it is greatly to their credit that they 
have now motor-ships at sea sailing regularly and economically 
on that system. 

It is only right to acknowledge the great pioneer work they 
have done in this field of activity, and a perusal of the paper 
will show how closely they have identified themselves with the 
landmarks in the development of the Diesel engine since they 
acquired the manufacturing rights of the Diesel patents. It 
is most interesting to read the achievements of the company 
in passing from one phase to another, and also to note that 
in 1904 they produced a vessel fitted with the Diesel electric 
drive. The first direct reversible marine-engine came into 
being in 1905, fitted with ‘‘ valve scavenging and one piece 
cylinder, etc.’’ It embodied generally the distinctive features 
of most two-cycle marine engines manufactured prior to the 
war, and which have since been abandoned in more recent 
and more successful representatives. 

One of the most important innovations, that of port 
scavenging, which was adopted in the engines of the M.S. 
‘“ Monte Penedo,” in 1912, is worthy of notice, for, although 
improvements in fuel consumption were undoubtedly secured, 
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the simplification of the cylinder cover by the elimination of the 
scavenging valves therefrom, and leading up to the excellent 
cover which is adopted at the present time. The same vessel 
had, as stated by the author, a chequered career, and from 
the account given the troubles experienced were undoubtedly 
primarily due to mishandling of the machinery during the 
war period. The broken shaft would in all probability not have 
occurred had proper treatment been applied to the machinery, 
and as the shaft was 20 per cent. under the required strength 
per Lloyd's rules, the bad treatment was effective on account 
of the smaller margin of safety. One cannot, however, dispose 
of the idea that in two-cycle single-acting engines the wear 
in the bearings is greater than with four-cycle machinery, and 
that either a bigger surface or a greater pressure of lubricating 
oil has to be employed to reduce wear to а reasonable 
amount. Some criticism has been made with regard to 
the high pressure of lubricating oil to the crosshead bear- 
ings, but it must be admitted that, if satisfaction results 
from the use of high-pressure lubricating oil, there is no 
disadvantage, since it is quite simple and economical to 
provide. 

It is most interesting to learn of the results obtained with 
the 2,000 brake horse-power unit, especially the real benefit 
derived from the extra rows of scavenging ports, as the 
evidence of fuel consumption makes quite clear. It would be 
instructive to have the author’s views as to whether he regards 
this cylinder as a commercial possibility, and if he regards 
2,000 brake horse-power as the limit in one single-acting 
cylinder. It is obvious, however, that the power could be 
greatly increased by making the cylinder double acting; 
although certain important difficulties in connection with the 
scavenging process, the proper distribution of fuel, and the 
thermal stresses set up in a somewhat complicated cover, 
present themselves, at least it would appear that the bearing 
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lubrication would be greatly improved by the reversal of load 
thus established by the double-acting principle. 

The author states that four-cycle engines are built in sizes 
up to 1,000 brake horse-power, but above that power two-cycle 
engines are made. It would be of interest if he would say 
what the reasons are for this demarcation. It is generally 
understood that two-cycle manufacturers, although naturally 
advocating two-cycle engines for the main propelling units, 
prefer four-cycle auxiliaries, and it is refreshing to learn 
that Messrs. Sulzer Bros. recommend a two-cycle engine 
for auxiliary purposes provided with airless injection. It 
certainly simplifies the plant, but it is usually regarded 
that two-cycle auxiliaries of an older type are not satis- 
factory. | 

In connection with the 40,000 brake horse-power proposal, 
the four engines are to be designed with a piston speed of 
1,230 feet per second. Would this not introduce difficulty in 
the process of scavenging, and is it not the case that the piston 
speed has been kept moderate in previous Sulzer engines to 
reduce the speed at which the piston rings pass the double 
row of scavenging ports, thus preventing the tendency to 
fracture which has taken place in the past? 

There can be no doubt that this type of two-cycle engine 15 
making steady progress, and the fact that the scavenging 
process is perfected, together with the introduction of a very 
simple cover, which appear to place this engine on at least 
an equal footing with the four-cycle engine in so far as heat 
stresses arc concerned, makes the engine а formidable 
opponent to the four-cycle engine on account of its reduced 
weight, size, first cost, and increased simplicity. | 

Mr. W. T. Tucker (Member): While not dealing with 
technical or controversial points, this paper is of great 
importance to the general engineering world and in particular 
‚ to shipowners who contemplate installing internal-combustion 
engines to propel their ships. I do not say that the Sulzer 


` 


ТИЕ DEVELOPMENT OF THE SULZER ENGINE 191 
Mr. W. T. Tucker. 


engine is a better unit than any of the other well-known types, 
but I would like to draw particular attention to the view which 
I think most owners take, that is, Messrs. Sulzer Bros. have - 
done the pioneer work for them in all powers up to 2,000 brake 
horse-power in one cylinder. This limit of power was achieved 
in an experimental cylinder, and as such a size has not yet 
been adopted in a commercial way it can for the moment be 
neglected in favour of actual commercial jobs which kave been 
already tried out. In this respect Messrs. Sulzer Bros. have, 
so I am advised, made and have running 16 cylinders of 30 
inches bore, each giving up to and over 700 brake horse-power, 
and 48 cylinders 261 inches bore, each developing up to and 
over 500 brake horse-power, from which it is easy to caleulate 
the total power a purchaser can have in one, two, three, or 
four engines without stepping out into what one might call 
the unknown. 

I am afraid there is a feeling in this country that prospective 
builders or inventors expect owners or purchasers to be so kind 
as to adopt and buy their first products without question as 
to whether or not there is sound experience behind the pro- 
posal. In other words, often the owner has done the pioneering, 
which may have been a costly experiment to him, while the 
builder or patentee gets his experience at the other fellow's 
expense. As already mentioned, Messrs. Sulzer Bros. have, 
at their own expense, done a vast amount of experimenting, 
probably more than anyone else, and in consequence it is not 
surprising that their engines have been adopted for the 
large passenger-ship for the Union Steam Ship Company of 
New Zealand, now building at Fairfield, which, I may say, 
will develop nearly 14,000 brake horse-power on four shafts 
with six cylinders on each. There is no reason why this engine 
should not be made with eight similar cylinders to develop a 
total power on four shafts of, say, 18,000 brake horse-power, and 
still keep within the path of proved experience. Some people 
might say that as most of Messrs. Sulzer Bros.’ experience 
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was gained in their works and in land power-stations, they 
were not justified in putting their engine forward for marine 
. uses, but beyond the question of some minor details and the 
suitability of some metals to stand sea-water or atmospheric 
conditions, we know that in a commercial or power sense what 
is good for power work ashore is equally good for ships. 
Besides that, they are connected with many eminent marine 
engineers who know what is required to meet sea-going con- 
ditions and the minor points to which I allude; so one may 
dismiss any fears on the score that they were not originally 
marine engineers. 

Until British engineers construct some large power units, 
and keep within moderate weights and space occupied, to show 
to prospective owners what can be done, I cannot see how they 
can hope to take pride of place over Messrs. Sulzer Bros. for 
large-power ships using internal-combustion engines. For 
obvious reasons I do not touch upon the merits or demerits 
of any type of oil engine for moderate powers, as that does 
not arise out of the paper. 

There is, at present, a battle between two- and four-cycle 
and between different types of each of these engines which is 
all very interesting and instructive, but what is, or should be, 
the most important aspect of all is reliability and simplicity. 
That oil engine which is simple and reliable, like our old friend 
the steam engine, will survive and become of general use. I 
am convinced the oil engine has come to stay, and that there 
need be little or no fear in using it up to about 20,000 brake 
horse-power in a ship. Modern ships using steam powers up 
to 20,000 shaft horse-power will, I venture to prophesy, be 
obsolete if put into competition with a similar ship powered 
with oil engines. From my own experience and knowledge of 
shipping in general, I am absolutely convinced that internal- 
combustion engines are not, and cannot be, more troublesome 
than have been steam turbines with or even without gearing, 
and I fully expect they will in practice be much less so, and 
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with steam reciprocating engines. 

Mr. Hanorp E. Yarrow, С.В.Е. (President): It so happened 
that on the day that Engineer Lieut.-Commander Le Mesuriet 
read his paper I paid a visit to the Sulzer works in Switzer- 
land. Anybody who has an opportunity of visiting this firm’s 
factory must be impressed not only with the plant established 
for the construction of Diesel engines but with the care that 
is devoted to all the details that go to make the Sulzer engine 
the success it is to-day. І was also fortunate enough 
to be able to pay a visit to some of the leading makers of 
steam turbines in Switzerland, and one cannot help being 
struck by the fact that, during the last few years, the 
combined efficiencies of boilers and steam turbines have very 
considerably increased, whereas in the case of Diesel engines; 
as Mr. Rennie has already pointed out, very little improve 
ment has been made in fuel consumption. 

The advent of the Diesel engine and the serious competition 
that it offers to steam turbines has caused many firms to carry 
out a considerable amount of research and experimental work, 
with a view to improving efficiency, and undoubted success 
has attended their efforts. Further improvements may be 
looked for in the future, and, although the efficiency of a 
steam turbine plant falls far short of that of the Diesel engine, 
it is interesting to note the steady increase in efficiency of 
the former. Perhaps the author has some comparisons between 
steam machinery and Diesel engines at a modern generating 
station, and I think such data, if divulged, would be of great 
interest. 

Engineer Lieut.-Commander LE Mesurier: I am obliged 
to Mr. Cummins for pointing out the misprint in regard to 
the maximum exhaust temperature, which should be 350 
degrees C. instead of 350 degrees F. Mr. Cummins’ con- 
tention that the comparison between the 6100 engine with 
the upper row of ports blanked off and a properly designed 

15 
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latter is partly justified, but at the same time it may be 
pointed out that even with the best design of single-row ports 
it would be impossible to obtain an indicated mean-pressure 
of 122 lbs. per square inch. Considering full load and overload, 
the power obtainable with single-row will be about 20 per cent. 
less than with double-row ports, as shown in the Sulzer 
design. The high scavenging-air pressure, with the lower row 
only in action, was necessary in order to force the air through 
the comparatively small section available, and it is not con- 
sidered that a deflector piston would have improved the results, 
as such a design is unfavourable to good combustion. 

Before dealing with Mr. Cummins’ table of comparison, I 
must apologise for another error which occurs in Figs. 
98 and 31. In Fig. 28 the overall length of the pro- 
posed 10,000 brake horse-power design should be 65 feet 
instead of 82 feet, while in Fig. 31 the overall dimen- 
sion of the machinery space should be about 73 feet by 60 
feet instead of 94 feet by 77 feet. It appears that 
Mr. Cummins has also made a mistake in giving the length 
of his six-cylinder engine with 484-inch diameter cylinders as 
only 40 feet 3 inches, for, basing this on the length given for 
the eight-cylinder engine with 42-inch diameter cylinders, it 
would be hardly less than 57 feet, or only 7 or 8 feet shorter 
than the Sulzer design. Further, in arriving at the surface 
required for the main bearings, the maximum piston-load is 
not the deciding factor, but rather the mean piston-load, since 
the wear and the heat due to friction are approximately pro- 
portional to this. If Mr. Cummins has calculated the bearing 
surfaces from the maximum piston-load and not from the mean 
piston-load, and at the same time has assumed the same 
maximum specific bearing surfaces as in the Sulzer engine, he 
will obtain bearing surfaces that are hardly large enough to 
conduct away the heat due to friction. 

Finally, it must be pointed out that it 13 not clear as to 
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appear to be extremely difficult to design an engine with a 
compression pressure of only 200 lbs. per square inch and a 
mean-pressure of 60 lbs. per square inch without a great deal 
of complication in heating the air charge, which would, of 
course, be necessary, and would result in a reduced volumetric 
efficiency and consequently a low indicated mean-pressure. 
Until, therefore, Mr. Cummins’ design has passed the experi- 
mental stage, one must be left in some doubt as to whether 
, his hopes in regard to economy іп weight, space, fuel consump- 
tion, and reliability in running would be realised. | 
Referring to Mr. Rennie's remarks, I may say that the fuel 
consumption per brake horse-power of the four-cycle engine 
has remained almost the same since 1906, and is as near the 
ideal thermal efficiency as practical applications of the Diesel 
cycle will admit. Continual improvements, however, in two- 
cycle engine construction have resulted in improving their fuel 
consumption per brake horse-power to a degree which is at least 
as good as in a four-cycle engine, and rather better than in the 
latter type when based on fuel consumed per indicated horse- 
power. Various expedients for improving the fuel consumption 
beyond that possible in the accepted Diesel cycle have been 
elosely studied by Messrs. Sulzer Bros., but have not been 
adopted by them, as the complications entailed have not 
been considered justified by the gain in economy. Perhaps for 
similar reasons marine engineers dealing with steam installa- 
tions have been content to allow funnel gases, at a temperature 
as high as the exhaust gases from a Diesel engine, to escape 
without having ever effectually made use of this waste heat. 
Mr. Rennie’s suggestion regarding the use of a Still liner 
does not appear to offer any advantages from the point of 
view of thermal considerations. If the Still liner is to have 
a considerably thinner wall than a corresponding Sulzer liner, 
then, in the Still liner, a relatively high pressure has to be 
used in the cooling jacket, which means a high temperature 
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on the outside surface of the liner. Although the actual 
temperature difference between the inner and outer surface is 
less and the heat stresses in the wall are lower, this increased 
temperature on the outside surface must cause a considerably 
higher temperature on the inside surface in comparison with 
that prevailing in a water-cooled Sulzer liner. А high 
temperature on the inner surface is undesirable, having regard 
to lubrication and wear of the liner. As far as very large 
installations are concerned, the Diesel engine manufacturer is 
far ahead of what is at present demanded by clients, and аз. 
regards the Fairfield ship, to which Mr. Rennie refers, it was 
not by any means the desire of Messrs. Sulzer Bros. that four 
shafts were employed, as the power could, in their judgment, 
have been obtained just as easily and even preferably with two 
shafts. The difficulties in a marine installation as compared 
with а stationary installation are of quite a different nature, 
but I am still of opinion that they do not constitute a more 
difficult problem in design than is met with in arranging a large 
stationary plant. 

16 would be impossible to answer definitely Mr. Clarke’s 
query in regard to crank-shafts. as most of these shafts are 
purchased in a rough machined condition—many from well- 
known makers in this country—and no doubt different methods 
of forging are employed. The material is not of any special 
quality, that is to say ordinary Siemens-Martin steel is used 
as for marine steam engine crank-shafts. The immunity from 
shaft failures is due to good design rather than any special 
quality in material, as in a Diesel engine it is necessary to 
make the most careful calculations to design the shafts to 
avoid all possibility of running at critical speeds. Shafts of 
the solid forged, semi-built up, and built up types have all 
been employed in Sulzer engines. 

For a four-cylinder two-stroke engine, the dangerous әб 
speed of the fourth order lies in all cases far above the normal 
speed. For directly reversible four-stroke marine installations, 
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the dangerous critical speed of the sixth order is generally only 
slightly above the normal speed, so that broken shafts are much 
more likely to occur than with four-cylinder two-stroke engines. 
The six-cylinder two-stroke engines, as far as classification 
societies’ rules go, have stronger shafts than the six-cylinder 
four-stroke engines of the same bore and stroke. Further, the 
crank distances of the two-stroke engine and the masses of the 
system are not greater than those of a four-stroke engine of the 
same bore and stroke, so that the six-cylinder two-stroke engine 
. has a much higher dangerous critical speed than the six- 
cylinder four-stroke engine. Thus, even in the case of racing 
of the propeller during rough weather, the dangerous zone in 
which fractures are possible is not reached by a six-cylinder 
two-stroke engine. 

Mr. Martin is unable to see how the necessary gionis 
arrangements can be installed in the space available in the 
proposed naval design. The exhaust and silencing arrange- 
ments would occupy space above the engine room. Тһе 
exhaust pipe from each engine would be about 3 feet 6 inches 
in diameter, and there would not be the slightest difficulty in 
leading four such pipes wherever required. No water cooling 
would be necessary in the piping leading from the silencer, 
and if it becomes important to deal with the presence of sparks 
in the exhaust, this should present no difficulty. At any 
rate, it would be interesting to examine the device to which 
Mr. Martin refers should such an eventuality arise. He need 
have no fear regarding inconvenience from heat or inadequate 
ventilation. The engine room would certainly be much cooler 
than any warship engine room fitted with steam machinery, 
and there is no reason why the ventilation should not be 
equally as good. 

It is true, as Mr. Bruce infers, that the lubrication of 
a two-cycle engine demands careful attention, but seeing that 
all essential parts are under forced lubrication, there need be 
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no anxiety as to undue wear of the bearing surfaces. In a 
four-cycle engine, apart from the bearings supplied under 
forced lubrication, there are a very large number of working 
parts, including inlet and exhaust valves, levers, pins, and 
cams, which have to be hand lubricated, and collectively call 
for more individual attention than is required for the complete 
lubricating arrangements in a two-cycle engine. The 2,000 
brake horse-power single-cylinder engine was built primarily for 
experimental work, and would naturally not be repeated 
according to exactly the same design if required for commer- 
cial purposes. ‘The experiments on this engine revealed many 
important facts which have influenced the design of Sulzer 
two-cycle engines, but the experience which has since been 
gained would enable a much better proposition to be put 
forward at the present day, for an unit of 2,000 brake horse- 
power, than was possible at the date when the experimental 
engine was built. It is, perhaps, unprofitable to speculate too 
far ahead on engine units of such power for commercial pur- 
poses, as no matter how technically sound they might be, it is 
improbable that a shipowner could be brought to regard such 
a proposition as anything but experimental. It is a different 
matter, however, in regard to the 10,000 brake horse-power 
engine for naval purposes, as here we have an engine of 
dimensions which only very slightly exceed those of existing 
engines, and beyond possibly increased wear and tear, due to 
the higher piston speed, there can be no doubt as to its 
success. 

The cost of such an installation would also probably bear а 
more acceptable proportion to the total cost of a warship than 
to the cost of a mercantile vessel. If, however, there is a 
demand for a mercantile vessel even of 60,000 brake horse- 
power, it may be taken as quite certain that means can be 
‘provided for driving such a ship with Diesel engines. The 
choice between two-cycle and four-cycle engines up to 1,000 
brake horse-power depends upon a number of factors connected 
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with the particular conditions under which the plant has to 
work, and it is impossible to define a broad dividing line. The 
1,000 brake horse-power four-cycle engine with four cylinders, 
i.e., 250 brake horse-power per cylinder, is the largest size of 
four-cycle engine which Messrs. Sulzer Bros. recommend for 
stationary work, while for marine work, only two-cycle engines 
are adopted on account of their simplicity, ease in manceuvring, 
and general increased reliability as compared with the four- 
cycle type. 

The piston speed of 1,230 feet per minute in the pro- 
posed naval design is undoubtedly higher than would be 
advisable for the engine of a mercantile vessel, but this 
is simply following usual naval practice, where it has 
always been recognised that full-power conditions are only 
occasionally required. Scavenging would be quite satis- 
factory at the speed stated, although the scavenging-air 
pressure would naturally be higher than in the normal design 
of engine. No difficulty is anticipated as regards the speed 
of the piston rings passing the ports. Fracture of the exhaust 
or inlet port bars has been a very rare occurrence in Sulzer 
engines, and has not in any case been attributable to the 
rubbing speed of the piston rings. 

A contribution from Mr. Tucker is especially welcome, in 
view of his particular interest in the Fairfield ship and the 
close study he has made of the Sulzer engine. As he is not 
dealing with controversial matters, I cannot do more than 
express the hope that his confidence in the Sulzer engine will 
be justified by the performance of the Fairfield ship in service. 

Mr. Yarrow will naturally appreciate that, although com- 
mendable improvements have been made in the efficiency of 
steam turbines, their ideal efficiency still falls far short of 
what the Diesel cycle admits, and there is not the remotest 
chance that the Diesel cycle efficiency will ever be obtained 
with a steam turbine. It is unfortunately very difficult to 
prepare a comparison between steam and Diesel engines at a 
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modern generating station, as conditions vary to such a wide 
extent. Тһе comparative prices of fuel, for instance, cannot 
be laid down on a standard basis, seeing that the location of 
the power stations will affect the price comparison enormously. 
The capital cost of a plant and its relation to the running costs 
is also very difficult to deal with on general lines. It is per- 
haps sufficient to observe that there are many Diesel power 
stations, as, for instance, at Lugano, where a steam installation 
would obviously fall far short of a Diesel engine installation 
in regard to economy in running, but, on the other hand, a 
comparison of Diesel plant with a steam plant situated in the 
middle of a coal field would not be so favourable to the Diesel 
engine. mE 

. In conclusion, the author would like to thank the president 
and members of the Institution for the interest they have 
shown in this paper, and he is also very much indebted to 
Messrs. Sulzer Bros., Winterthur, who kindly gave him 
facilities to obtain all the information he required. 


VANE-WHEEL PROPULSION. 


By Maurice E. Denny, C.B.E., В.бе., 
Member of the Institution. 


13th February, 1923. 


DEFINITION. 


A vane-wheel is composed of two or more helical surfaces 
or vanes attached to arms having the desired helical pitch, 
the axis of revolution being substantially fore and aft, and 
the diameter such that only the vanes are immersed in the 
water when propelling a ship. The axis of rotation is there- 
fore well above the water. See Fig. 1. 

It will be obvious that such wheels may be different in con- 
struction from screw propellers, in that the boss—being above 
water—may be designed without regard to size or shape, there 
being no question of loss from water resistance to consider. 
The vanes may be of malleable material such as mild steel, 
and made thin so that any damage can easily be repaired. 
Apart from the convenience of this quality in the blades, 
vane-wheels may be cast similarly to ordinary screw рго- 
pellers, or built on a boss so that spare blades may be carried. 
The blades in that case have the area distributed toward the 
periphery, so that the shape of each blade is something like 
a tennis racquet, with the major axis of the ellipse disposed 
‘circumferentially instead of radially. There is no loss of 
efficiency by adopting this form of blade, because the benefits 
of vane-wheel propulsion are not dependent to any preen extent 
upon the shape of the vanes of the wheel. 
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GENERAL CONSIDERATIONS. 


Excluding sails, the main factors which govern marine pro- 


pulsion, whatever the type of propulsive instrument used, 
are :— 


1. Forward thrust can only be derived from the water by 
giving it motion in the sternward direction; from which it 
follows that to get thrust there must be slip, and the term 
negative slip is, therefore, a contradiction in terms. There 
is often apparent negative slip when no allowance is made 
for speed of wake and for errors in pitch. 

2. The larger the quantity of water acted upon, the less 
the sternward velocity to be imparted to it for a stated thrust, 
since thrust is measured by the mass of the water acted upon 
multiplied by the speed given to it. 

8. Generally speaking, maximum propulsive efficiency 13 
associated with a real slip of from 20 to 30 per cent., and in 
vessels of limited draught the problem usually is to keep the 
real slip within limits. 

4. In order to give water motion in the sternward direction 
there must be a free supply from forward of the propelling 
instrument, or water will be drawn along the lines of least 
resistance, which may interfere with direct delivery aft, and 
so reduce efficiency. It follows from this that propellers which 
are situated close behind a ship may be expected to interfere 
to a greater or less degree with the stream-line flow around the 
ship, and so to augment the resistance which has to be 
overcome. 

5. Any form of propeller which has to be carried by under- 
water supports must bear the burden of propelling the supports 
through the water. 

6. When there are likely to be changes in draught, the 
propelling instrument may lose in efficiency with variation 
from the datum draught, especially in vessels of shallow 
draught. 
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APPLICATION OF THE GENERAL CONSIDERATIONS. 


Study of the factors which penalise efficiency in the above 
considerations led to the development of the - vane-wheel. 
Taking 1 and 2, it is evident that, for a limited draught, the 
area of water acted upon by a segment of a partially immersed 
vane-wheel of large diameter is greatly in excess of the area 
covered by a small totally immersed propeller suitable for the 
same draught of water; and where the draught is limited that 
is always an advantage, for the immersed propeller may have 
excessive slip, and in addition be subject to the danger of loss 
of efficiency from air drawing. 

Consideration 4, that of providing free flow of water to 
the propelling agent, and preventing at the same time a serious 
augmentation of the resistance due to interference with the 
stream-line flow round the hull, again suggested that large 
diameter wheels carried a considerable distance abaft the 
main hull might provide a solution of the difficulty, and so it 
has proved; this consideration is, in fact, an important con- 
tributor to the increased propulsive efficiency which is obtained 
with vane-wheels. 

Closely allied to this is the valuable property in vane-wheel 
design that the axis is above water and can be carried on the 
main body of the ship with a long counter clear of the water, 
thus at once obtaining a favourable location for reducing 
augmentation to a minimum, and dispensing with the neces- 
sity for underwater shaft-supports with all that means in 
increased resistance. In comparatively shallow-draught vessels 
where there is variation of draught, vane-wheels provide an 
automatic adjustment of immersed area to thrust with no 
accompanying loss of efficiency. 

Lastly, there is an incidental advantage which is of great 
value in shallow-draught vessels with vane-wheels. When 
driven at full speed, the stern of a vessel falls relatively to 
the surrounding water; at the same time the water rises in a 
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long wave immediately behind the vessel, the crest of this 
wave generally coming about the position of the vane-wheels. 
Both of these add to the immersed area of the wheels; in 
fact, the effect of a ‘‘ tunnel ’’ is obtained without the 
drawbacks which are usually associated with tunnel steamers’ 
design. 


TRANSVERSE REACTIONS. 


There is, however, another quality which vane-wheels possess 
in greater degree than any other form of propeller; they offer 
unique manceuvring power, direct from the main engines. It 
will be obvious that with a partially immersed propeller there 
must be a large reaction in the transverse, or athwartship 
direction; consequently vane-wheels must be fitted as twins, 
so that the reactions may balance one another when it is 
desired to go straight ahead or astern. It follows that when 
one of these twin vane-wheels is kept going '' ahead ’’ and the 
other is made to go ''astern," a powerful double reaction is 
produced in the transverse direction, which causes the vessel 
to turn with great rapidity. Vane-wheels should be fitted to 
turn outwards on top, as is usual with twin-screw vessels, 
when to the above reaction is added the ordinary turning- 
moment due to the leverage of the thrusts about the centre 
line of the ship. It will be realised that, when starting from 
rest, with the vane-wheels thrusting equally in opposite 
directions (one vane-wheel thrusting ‘“‘ahead’’ and one 
thrusting ‘‘ astern "), the ship can make little progression 
in either direction, but turns approximately in her own 
length under the action of the forces indicated above. See 
Fig. 2. 

Other features are a great saving in machinery weight as 
compared with paddle engines, due to the higher revolutions, 
and easy accessibility to all parts without the necessity for 
docking as compared with screws. 
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INCREASED EFFICIENCY. 

Basing on the information at present available, vane-wheel 
propulsion gives a higher efficiency than any other known 
method. The only systems which require survey in this con- 
nection are the submerged screw-propeller, the side paddle- 
wheel, and the stern wheel. 

Very high efficiencies may be obtained with a large single- 
screw vessel of deep draught, having a large single propeller 
and no shaft supports, but even this may be excelled by vane- 
wheels. For the present, consideration may be confined to 
vessels of moderate or shallow draught, such as are used in 
river or estuary service, though there is no а priori reason to 
suppose that vane-wheels would not do equally well at sea 
on ships where the draught variation is not extreme. 

Taking twin-screw steamers as used for river work, it is 
generally found that there is too little draught for adequate 
propeller diameter, that the propellers draw air, or from a 
combination of causes give a poor propulsive efficiency, one 
cause being low hull-efficiency. 

As the result of experiments in the Experimental Tank and 
on a full-sized ship in the Gareloch, it was found that, by 
using vane-wheels, a reduction of power of about 40 per cent. 
was obtained for the same speed and displacement on such a 
type of vessel. The particulars of the vessel and results 
obtained are as follows : — 


Length - - - - - 100 feet. 
Breadth - - - - - 23.5 feet. 
Draught - - - a de 4. 2. Mean, 4 feet 6} inches. 
Displacement - - - - 186 tons. 
Speed ' - - - - - 9 knots. 
t Screw Propellers. —— Vane-Wheels. 
DiameterF- - - - - - 4 feet. 11 feet. 
Pith - |- - - - - - Sfeet 8inches. 16 feet. 
No. of blades - - - - - 3. 3. 


Total projected area of blades - - 10-2 square feet. — 
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Immersion of tips in still water- - 34% inches. — 
Revolutions per minute - - - 226. 66. 
Total sectional area of water acted upon 


25-14 feet. 2 feet. 
when at full speed - ў _ i 14 square feet. 59-28 square feet 


Е.Н.Р. of naked hull - - д - 177.5. 11:5. 
S.H.P. - - А Е - - - 197. 116. 
E.H.P. 
Effici 1,6. - 394, “67. 
ciency, Фе оқы) 94 


N.B.—It should be noted in the meantime that the vane-wheels were driven 
by oil engines through leather belting, and that a combination of circum- 
stances rendered it difficult exactly to determine the shaft horse-power. 
The figure quoted was derived after cross-checking from several points of 
view, but further experiments are in progress in order that the shaft 
horse-power may be established, as far as possible, beyond doubt. 


It may be objected that the figures given above are unduly 
favourable to vane-wheel propulsion, in that the twin-screw 
vessel which forms the basis of the comparison has a pro- 
pulsive efficiency which is unduly low. It is admitted that 
the efficiency is low, but, on the other hand, it should be 
noted that the requirement of a considerable speed, in associa- 
tion with a limited draught, compels the installation of the 
largest possible size of propellers, which inevitably means 
that the tips are too close to the water, and that the pro- 
pellers themselves are unduly shrouded by the hull. It would 
be possible to produce a better efficiency if the speed require- 
ments were not so high, but, as this vessel represents a class 
which is common in shallow waters in various parts of the 
world, and which runs to the entire satisfaction of the owners, 
it seems clear that the efficiency is not one which can be 
considered unduly low from the commercial point of view. 

Experimental model trials made to compare side paddle- 
wheels with vane-wheels showed a gain for the latter of about 
30 per cent., while a similar set of trials with a stern-wheel 
steamer indicated a gain of 20 per cent. These figures, how- 
ever, still await confirmation in full-size trials. 

It must be pointed out that all these experiments were 
carried out at the same draught and displacement for both 
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vane-wheels and cther propellers, as a direct comparison, but 
in practice there would be other gains. 

In comparison with paddles there would be a large increase 
in revolutions per minute, and a corresponding saving in 
weight of machinery in addition to that due to the smaller 
power required. The hull could then be made finer, with a 
further reduction in power. 

In comparison with screws the revolutions would be lower, 
and the vane-wheels themselves are heavier than small pro- 
pellers, but the reduction in the power necessary and the 
bunkers required wiil probably more than balance the increase 
of weight on these two counts. 

The factors making for total increased efficiency of propul- 
sion are thus a reduction in the effective horse-power, and an 
improvement in the relation of effective horse-power to shaft 
horse-power. 

Where the draught is limited, it is generally found that the 
immersed area of adequate vane-wheels is about double that 
available with sce propellers and substantially greater than 
that provided by paddles, hence there are smaller losses due 
to excessive slip. 

The longitudinal position of the vane-wheels is such that 
interference with stream-line flow round the hull is at a 
minimum, so there is very little augmentation of resistance 
compared with that usually associated with shallow-draught 
screw-propelled vessels. Being carried above the water, they 
do not have to overcome the resistance due to propeller and 
shaft supports. This in itself may mean a gain of from 18 
to 15 per cent. Their efficiency as propelling agents is high, 
partly because there is no propeller boss in the water. 

All these factors taken together go to make up the general 
efficiency of vane-wheel design, which must be compared with 
other designs on a basis of speed and carrying capacity, so 
that all the factors may count. 

Within moderate limits the effect of variation of draught 
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on vane-wheels is generally negligible. When the vessel is 
loaded more deeply than her normal draught, the immersed 
area of the vane-wheels automatically increases; and so there 
is a larger body of water to act upon to obtain the increased 
thrust, thereby avoiding excessive slip. In the case of a 
paddle-wheel, as the draught increases beyond the normal so 
does the propulsive efficiency progressively diminish, because 
_ the wheels are '' drowned ” and there are large losses at entry 
and exit of the floats. 


THe LIMITING FACTOR. 


For best results, the limiting factor for minimum size of 
vane-wheels seems to be pressure per unit area of immersion, 
in relation to speed of advance. It should not be forgotten 
that vane-wheels share with paddles the disadvantage of being 
surface breaking instruments. The losses at entry and exit 
of the vanes, however, are not comparable with those inherent 
in paddle-boats, but both instruments seem to give signs of a 
breakdown when overloaded. In other words, so soon as the 
pressure per unit of area becomes too great, and the slip con- 
sequently excessive, a marked falling off in efficiency is sus- 
tained. The cause of this is somewhat obscure, but may be 
connected with turbulence and air drawing. Special tests are 
being carried out in the experimental vessel to determine these 
limits, and from these it is expected to ascertain what 
maximum pressures may be carried at different speeds without 
excessive loss in efficiency. In the meantime it is desirable 
to provide ample diameter where possible, so as to maintain 
the high propulsive-efficiency associated with a moderate slip. 


MANQUVRING. 


It has already been mentioned that vane-wheels offer unique 
manceuvring qualities; the ship can be turned very rapidly 


with little or no advance, but it is not on that account pro- 
16 
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posed to dispense with a rudder. Ordinary steering cn a 
course will still be done by rudder, but the steering effect can 
always be powerfully augmented by slowing one or other of 
the engines, thus bringing the main engine power directly to 
the help of the rudder. It will be evident that where a vessel 
is being carried along on a powerful current and has little 
steerage way, this quality will be most valuable. It should 
also be found exceedingly useful when towing. 

The question naturally arises as to what will happen if one 
or other of the vane-wheels or engines should break own, 
and whether the vessel would be manageable in such a condi- 
tion. It has been found by unshipping a vane, or a blade 
of one of the vane-wheels and turning the other vanes or blades 
round until they are out of the water, or by uncoupling the 
shaft and. allowing one wheel to turn idly, that the vessel 
can be propelled and controlled with the remaining vane-wheel 
. and the rudder. This meets the case of either a damaged 
wheel or a damaged engine. 


TYPES oF MACHINERY. 


Any kind of machinery can be used to drive vane-wheels, 
and two different arrangements naturally suggest themselves. 

1. Direct-driving steam engines, running at the speed 
required by the wheels. These would be arranged either 
diagonally or horizontally, and would act transversely. 

2. Fast-running steam engines or internal-combustion 
engines, requiring reduction gearing in the form of either chain 
or toothed wheels. In this case the engines may be vertical, 
geared to suit the rate of revolutions and the direction of 
rotation of the vane-wheels. 


PRACTICAL CONSIDERATIONS. 
The wheels may be of robust and simple construction, 
and if vanes of plate steel are adopted any deformation due to 
contact with heavy floating material may be easily repaired 
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on the spot. The boss being out of the water, only weight and 
cost limit the solidity of its construction. 

Except in the case of extremely shallow-draught vessels, 
there is greater clearance between the tips of vane-wheels and 
the bottom than there is with screw propellers. 

The stern bearing is above water, and can be efficiently 
lubricated. It is clear of all sand and grit, and is easily kept 
under observation. All parts are clear of deteriorating 
influences, and are accessible for examination and repair. 

The wheels can be boxed in, and protected with a strong 
girder carried aft from the counter. In most cases the wheels 
will be out of sight, unless the boxes are left open at the 
after end, which might very well be done. 


GENERAL PROBLEM or DESIGN. 


It will be evident that in considering the application of vane- 
wheels to a particular project, it is not only possible but 
desirable to approach the design from a new point of view, 
and one caleulated to exploit in the highest degree the qualities 
of the system. The first consideration will be to fix the 
diameter of the wheels, whence the minimum beam of the 
ship is at once determined. This is obviously twice the 
diameter of one wheel plus whatever is necessary for clearances 
and structural work at the outside of each wheel. Тһе beam 
thus obtained is substantially less than the overall width of 
a similar side-paddle steamer would be, but may sometimes 
be a little greater than has previously been customary for 
similar twin-serew vessels. It should be pointed out, however, 
that most light-draught river craft have a high speed-length 
ratio, and in such cases a moderate increase in beam, accom- 
panied as it is with a corresponding reduction in block 
coefficient, is obtained with little or no detriment to the 
effective horse-power. In a towing steamer a slight increase 
of beam is obviously of no moment. 
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The next step will be to assign such a pitch to the wheels 
as will give a suitable pitch ratio and at the same time pro- 
duce revolutions which permit of a satisfactory machinery 
design. Consideration of the increase of immersion consequent 
upon the fall of the stern and the rise of the wave will have 
accompanied the selection of a suitable diameter, and knowing 
the diameter, the immersion, the pitch, the speed of advance, 
the resistance of the hull, the revolutions, and the location 
of the wheels abaft the hull, an appropriate propulsive 
efficiency will finally be assigned, based upon tank expcri- 
ments, upon the trials of full-sized ships, or, preferably; upon 
both combined. The shaft horse-power being thus deter- 
mined, the design of machinery proceeds upon normal lines, 
modified by the fact that the shafts instead of being only a 
short distance above the keel, as in screw steamers, are now 
only a short distance above or below a deck. In the former 
. casé horizontal engines at the extreme after end, as in stern- 
wheel vessels, will naturally suggest themselves, but if this 
is not suitable, steps must be taken to arrange that the 
shafting shall run below the deck, which is usually not difficult 
to carry out. 

As regards the hull, the general arrangement at the after 
end presents no features not already familiar to the designer 
of stern-wheel vessels. The overall length of the ship pro- 
pelled by vane-wheels will not be so great as that of the same 
ship driven by a stern wheel. The most convenient method 
of securing the shaft bearings to the hull proper will afford 
the draughtsman scope for ingenuity, and minor structural 
problems in the vicinity of the wheels call for some considera- 
tion, but, generally speaking, no grcat difficulties present 
themselves. The designer will rather be concerned to know how 
best to take advantage of the increased propulsive efficiency ; 
whether to apply it to effect an improvement in speed, or to 
leave speed unaltered and increase the carrying capacity, or 
to.adopt a judicious compromise between the two. His choice 
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in this respect must ultimately be governed by his clients’ 
requirements and the exigencies of the particular trade for 
which the vessel is intended. 


Discussion. 


Mr. W. J. Duncan, B.Sc. (Associate Member): Mr. Denny 
undoubtedly makes out a very good case for vane-wheel pro- 
pulsion as applied to vessels of extremely shallow draught, 
which are required to work in smooth water only. With 
reference to a possible application of this system to sea-going 
ships, the author states '' there is no a priori reason to suppose 
that vane-wheels would not do equally well at sea on ships 
where the draught variation is not extreme.” It is perfectly 
evident, however, that a very moderate amount of pitching 
will be sufficient to bring the vanes of the wheels entirely out 
of the water, the result being excessive racing. Other drew- 
backs are the necessity for extremely heavy construction of 
the vane-wheels themselves and of their shafts and supports, 
in order to withstand the battering action of the sea, especially 
since these forces would be applied at a large distance from 
the shaft centre; and the absolute necessity for twin wheels, 
with the consequently great beam at the stern of the vessel. 
For these and other reasons it does not appear to me likely 
that vane-wheel propulsion will be found suitable for sea- 
going ships. 

Mr. G. S. BAKER, O.B.E.: Mr. Denny is to be congratulated 
on this breakaway from normal practice. One is inclined to 
find so much to do with usual things that it comes as a little 
surprise to find that possibly something quite different would 
do as well, or better in some cases. ‘The table of results 
given on page 206 is a surprise of this character. As regards 
the propulsive efficiency of the screw propeller boat, `394 is 
a little low, as the author states; a figure in the region of °44, 
and somewhat higher than this with an adjustable flap, would 
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more nearly represent good practice. Even with this correc- 


tion the efficiency of the vane-wheel shows remarkably well. 
Recent experiments in the tank have shown that when screw 
propellers are brought near to the surface they do not lose 
very greatly in efficiency, but that their thrust falls off, and 
at high slips the falling off is very large. It should not be 
impossible within certain limits, by proper adjustment of 
surface and slip, to avoid any serious loss of either thrust 
or efficiency, and apparently Mr. Denny has managed to 
achieve this condition. With regard to these limits, under 
the heading of ‘‘ the limiting factor," he speaks of a break- 
down when overloaded showing as a falling off in efficiency. 
I should have expected from our screw propeller results that 
the efficiency, although falling off, would not suffer nearly 
so much as the thrust, and should be glad to hear whether 
this 1s a general conclusion, or one based on measurements 
taken during the experiments referred to in the paper. 

Mr. W. Н. RippLEsworts, M.Sc., M.Eng. (Member): Mr. 
Denny is to be congratulated on producing an almost entirely 
novel means of propulsion. The vane-wheel, as Messrs. Denny 
have built it, is almost without precedent. There have been 
attempts made at using more or less normal propellers with 
the axis at about the level of the waterline or slightly above 
it; but nothing quite so entirely novel as this has been tried 
before, so far as I have found. The very fact that something 
new in the way of a propeller has been discovered is, I think, 
a matter for sincere congratulation. | 

In reading over the paper there are several points that 
occurred to me on which I should like to have further informa- 
tion. ` For example, seeing that probably three-fourths of the 
vane-wheel is out of the water, one is inclined to inquire if 
there is any useful thrust derived from it as an air propeller. 
If the vane-wheel were entirely in the air, and if it were driven 
fast enough, there would be a very considerable propclling 
effect. I should like to ask Mr. Denny if there is any 


s 
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appreciable part of the thrust that the vane-wheel gives which 
is due to its effect as an air propeller. Then again experi- 
ments in connection with aeroplanes have shown that a blade 
with a large aspect ratio, that is, a great width in terms of 
the length (in the direction of motion), gives a much bigger 
thrust in proportion to the resistance than one of a more nearly 
square form, and that leads me to ask if any experiments 
have been made with a vane-wheel not with three blades but 
perhaps with 30, so that there would be, as it were, a slotted 
dise formed of a lot of oars set radially—a large number of 
blades, something like a modern windmill. Then in Mr. 
Denny's '' General Considerations," he mentions in No. 4 the 
interference between the propeller and the supply of water 
to it, commonly called augmentation of resistance. Now that 
consideration might be extended to indicate that, besides this 
interference with the stream-line flow around the ship when 
the propeller is close up to it, there is a gain due to the fact 
that the propeller is in the wake. In the normal propeller 
this augmentation of resistance is more or less balanced by the 
gain due to the wake; and I would suggest that one of the 
points which Mr. Denny might deal with later on is this 
question of augmentation of resistance and wake gain. Mr. 
Denny has been good enough to give the trial trip records; 
but it would be greatly appreciated if he could see his way 
to add a diagram showing the torque and thrust for a par- 
ticular vane-wheel, and it would be appreciated still more if 
to that he could add some indication of what happens to both 
these matters as the immersion varies. I quite appreciate 
that the torque and thrust appropriate to a vane-wheel vary 
with the immersion of the lower edge, and consequently that 
the full story would require à large number of curves, each 
set for a different immersion. 

Mr. W. Rus. Олвыха (Member): It sometimes happens 
that ideas of great importance to progress evolve before their 
time, and the conditions of material, production, and applica- 
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successful adoption is not realised. Mr. Denny has put before 
the Institution a scheme which, if not entirely novel in form, 
may at least be applied under new conditions, and deserves, 
therefore, the best attention and consideration of engineers 
and shipbuilders. 

Vane-wheel propulsion dates practically from 1785, when 
Bramah patented his screw propeller, which was to all intents 
and purposes a vane-wheel. Being provided with a stuffing- 
box, it was primarily intended.to work with the axis below 
water, but contemporary engineers considered its application 
in & partially submerged position. In 1811 Henry James 
patented a propeller after Bramah's idea, but specially designed 
for working with only the tips of the vanes below the water- 
line. I have not been able to find any data of the results from 
these propellers; but the fact that they have lapsed into 
oblivion is, I think, an indication that the conditions existing 
at the time were not conducive to their success. Then later, 
round about 1824, Jacob Perkins produced a vane-wheel which 
consisted of a couple of curved blades set at an angle on the 
shaft and only partially submerged. Two of these sets of 
vanes were to be used, the shaft of one set made hollow and 
the other shaft passing through it, so that they might be 
revolved in opposite directions. 

Coming to more recent times, David Napier produced, in 
1841, a screw propeller, or more strictly speaking a vane-wheel, 
which was applied in duplicate at the stern of the vessel with 
the axes well above the waterline. From drawings which I 
have seen of it, it is very similar in application to that 
described in the paper. There is one feature of Napier’s pro- | 
pellers which may have some bearing on a point referred to 
by Mr. Denny, namely, the question of breadth of beam and 
the room taken up by two wheels when placed side by side at 
the stern of the ship. The combined diameters of these wheels 
were greater than the beam of the vessel, but Napier staggered 
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them so that one might overlap the other above the waterline, 
and they revolved in opposite directions so that the overlapping 
portions moved together. These are points which might be 
useful in any further experiments with the present application 
of the vane-wheel, where the breadth of beam does not allow of 
sufficient diameter for effective propulsion. There have been 
` others since Napier’s time who evidently saw some possibilities 
in vane-wheel propulsion, but those cited should be sufficient 
to show the trend of past thought on the subject. On ‘he 
whole, I think it is good to have this paper put before us in 
the light of Messrs. Denny's past experience and their present 
capacity for producing the most effective applications of any 
idea, whether new or old. 

Mr. WILLIAM M. MEEK (Member): Has Mr. Denny carried 
out any experiments with this boat, say, at a list of 10 or 15 
degrees, which is quite & common condition for Clyde river 
steamers 2 | 

Mr. JoHN ANDERSON (Member): Since the introduction of 
gears for obtaining a proper balance between engine and pro- 
peller revolutions, there has been a feeling that further 
economies in propulsion eould only be obtained by improved 
types of machinery ; it is, therefore, refreshing to ship designers 
to see a paper such as this, which purports to show that by 
adopting a type of propeller which can be placed clear of the 
stream-line flow the engine power can be reduced by possibly 
40 per cent. The comparisons of results on page 206 for a vessel 
100 feet in length are particularly interesting, and it may not 
be out of place to indicate a few deductions which I have made 
from them. 

The value of the vane-wheel as a propeller cannot be 
accurately assessed except by actual experiment, but, since 
we know that the blades have helical surfaces, it appears that 
a fair estimate of the work done can be made from existing 
experimental data. Reference to Admiral Taylor's work shows 
that two totally immersed propellers of orthodox design having 
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diameter, pitch, and surface similar to the vane-wheel described 


would absorb about 456 shaft horse-power at 66 revolutions 
per minute, and would have a maximum efficiency in open 
‚ water of about 69 per cent., while the real slip would be about 
33 per cent. Considering, however, that the boss in vane-wheel 
practice is not immersed, the propeller efficiency will be raised 
to, say, 70 per cent. At the actual immersion only 116 shaft 
horse-power was absorbed, and from these figures we obtain 
the ratio :— 
116 


! — 356 


= 954. 

It is stated that the total sectional area of water swept by 
the wheels when at full speed is 59:28 square feet, and we, 
therefore, find that 


Immersed area swept 


==” 9. 
total disc area 31 


a= 
If these figures are associated with a wake fraction of, say, 
‘18 and no thrust deduction is assumed, then we have an overall 


efficiency of— 
a x E.H.P. mE 
S.H.P. x propeller efficiency x t x (1+1) 


'812 x 77-5 

7 116 x71 x 254 x 118 7 999 
which gives practically ideal efficiency. I should not have 
expected so much in practice, considering that some allowance 
must be made for the resistance at plating overlaps, and for 
the losses at the entry and exit of the vane-wheel blades. The 
only other comment I would make on this part is that some 
addition would require to be made to the power for the leather 
belt gearing, so that the two systems of propulsion would be 
directly comparable 

Since oil engines have been used for driving the vane-wheel, 
it would appear reasonable to assume that such engines could 
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also be adopted for driving the ordinary screw propellers, and 
this would permit of much more suitable revolutions being 
selected. The actual propellers at 226 revolutions per minute 
are not the most suitable, considering that the real slip was 
in the neighbourhood of 47 per cent. and the resulting efficiency | 
about 49 per cent. If oil engines running at about 290 revo- 
lutions per minute had been installed the real slip would have 
been about 34 per cent., the efficiency about 59 per cent., and 
the shaft horse-power would have been reduced from 19" .to 
163; this modification would give a propulsive efficiency of 
'475, which is not an uncommon amount in shallow-draught 
river steamers. Mr. Denny has shown several practical reasons 
why this system would be preferable to that presently in use 
for shallow-draught vessels working in smooth water, and I 
shall look forward with interest to learn his conclusions 
regarding the aetual power absorbed by the vane-wheels. 

` Mr. Denny: Mr. Riddlesworth inquires whether some thrust 
is not obtained from the air. No doubt, theoretically, there 
must be some thrust, but in relation to the thrust obtained 
from the water it must be exceedingly small, so small, in fact, 
that it may be considered negligible. He suggests that the 
number of blades might be increased, perhaps to 30, but it 
seems to me that no gain would result thereby. It is well 
known that in the ordinary propeller the effect of increasing 
or reducing the number of blades is not serious within limits. 
Up to the present vane-wheels have been designed with three 
blades, and the ship actually tried had three blades on 
each wheel, but in the case of some vessels designed for vane- 
wheels it was found a little difficult to obtain what was desired 
with three blades, and it is proposed to adopt wheels having 
four blades. A model wheel with six blades was tried in the 
tank, and when three of the blades were removed the per- 
formance with the remaining three was found to be 20 per cent. 
superior. In the light of present knowledge it is doubtful 
whether any substantial improvement would aecrue by the 
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adoption of a large number of blades. Increased cost, extra 


weight, and the difficulty of repair should damage ensue, enter 
largely into the question. 

With reference to the statement on page 202 that propellers 
situated close behind a ship may be expected to interfere with 
the stream-line flow round the ship, and so to augment the 
resistance which has to be overcome, I might say that in the 
ship tested the augmentation was found to be great, and the 
screws did not apparently gain so much from the wake as the 
resistance was increased by augmentation; and while Mr. 
Riddlesworth correctly states that in general types the one 
practically balances the other, in the case of ships where the 
beam is large in proportion to the draught, I do not think that 
that condition prevails. In the ship actually tested it cer- 
tainly did not. I should be very glad indeed to comply 
with Mr. Riddlesworth’s request for curves of thrust and torque 
in terms of varying immersion, but, unfortunately, the data is 
not available. As will be recognised, experiments of this 
nature, both in the tank and on full-sized ships, take up a 
great deal of time, and in a commercial establishment such 
experiments have to be sandwiched in between demands arising 
in the ordinary run of work. At the moment experiments are 
proceeding, and I hope that I may have an opportunity in the 
future of submitting the results to those interested. 

I am greatly interested in the bibliography which Mr. Darling 
gives, and, although I am not ignorant of all the wheels he 
mentions, some of them are new to me. I have heard of Jacob 
Perkins’ wheel, and, in fact, have seen a blue print of the boat 
fitted with it which was built on the Clyde. The two shafts 
rotated in opposite directions, as this was absolutely essential 
if the ship had to keep a straight course. From experiments 
recently conducted with contrary turning propellers, it was 
shown that a small advantage was gained by such an arrango- 
ment, but in this particular ship I suggest that the area 
employed was altogether too small, and the revolutions too 
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high. The question of rotation with two wheels on the same 
axis has been considered by my firm, but, as is well known, 
the mechanical difficulties of a hollow shaft are very great. 
The question of lubrication, and the manner of driving the 
sleeve which rotates on the inner shaft, require more than 
ordinary consideration. In vane-wheels as at present arranged, 
the maximum diameter obtainable is determined by the beam 
of the ship. Staggered wheels might be permitted, but there 
are one or two points against adopting such an arrangement. 
One advantage of vane-wheels is that by increasing the 
sectional area of the water acted upon in relation to immersed 
screws of limited diameter, slip is reduced and the efficiency 
thereby increased, and it seems a pity to throw away any of 
that advantage unless absolutely necessary. The second point 
is that staggered wheels would give a steering effect. When 
reading my paper I pointed out that vane-wheels had a 
pronounced steering effect which was not evident in totally 
submerged propellers, and think I am right in suspecting that 
if one wheel be placed nearer the stern than its neighbour a 
steering effect would be cbtained. These two considerations 
have discouraged us, up till now, from proceeding with designs 
on the basis of staggered wheels. 

Referring to Mr. Meek’s inquiry, I may say that no experi- 
ments have been carried out with the ship in a listed condition. 
In a Clyde paddle steamer a serious list tends to turn the 
ship, to counteract which the rudder is used, and I presume 
that similar conditions would prevail in a vane-wheel vessel. 
Such a situation, however, must be regarded as exceptional. 
Ships are designed to travel on an even keel, and normally 
do so, but in a vane-wheel vessel a listed condition could be 
met by so regulating the revolutions of the engines that little 
or no steering effect would be produced, which, of course, is 
impossible in the paddle steamer of ordinary design. 

Mr. Anderson shows that the sbaft horse-power per unit of 
the sectional area of the water acted upon by the vane-wheels 
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is less than that of immersed twin-screws, but I do not quite 


follow the reasoning from which he deduces the “ overall 
efficiency.” The formula he uses must always work out to 
unity when correct allowances are made for wake, thrust 
deduction, and propeller efficiency, without any modification for 
his a and t values; but Mr. Anderson has reduced these values 


in such a manner as to be equivalent to reducing the vane- 
wheel efficiency from ‘71 to "71x exa The warrant for thus 
varying the propeller efficiency in the ratio of the shaft horse- 
power per unit of the sectional area of the water acted upon 
is not evident, and the result thus obtained, I suggest, is not 
а true measure of the '' overall efficiency ’’ of the vane-wheels. 
It is admitted that the actual twin-screw propellers gave a low 
propulsive efficiency because of the necessarily limited diameter 
in relation to the speed and power. I am doubtful, however, 
whether a much higher efficiency could be obtained on the same 
diameter by merely increasing the revolutions per minute, i.e., 
by fining the pitch; nor is it clear that such a change would 
reduce the real slip percentage to a large extent. Incidentally, 
the real slip percentage of the twin-screws is not 47 per cent. 
but rather less than 40 per cent. 
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Tue question of the determination of the proper depth of 
loading of sea-going cargo-carrying vessels of varying types has 
for many years occupied the attention of shipowning, ship- 
building, and commercial interests. 

A brief glance at the history of the load line question shows 
that the problem is not one to which a simple and final solu- 
tion ean easily be found. In the progressive stages through 
which this question has passed various rules have been devised 
to prevent overloading of ships. The earlier rules were of a 
more or less empirieal nature, and it was not until 1882 that 
a complete set of rules and tables to determine the maximum 
loading of ships of all types was formulated upon a sound, | 
scientific, and practical basis. These tables were prepared and 
issued by Lloyd's Register of Shipping, and were the outcome 
of prolonged investigation and consideration by the Committee 
of that Society and by the late Mr. Benjamin Martell, who 
was then their Chief Surveyor. 

The tables were at once voluntarily made use of by many 
shipowners, and were, with minor modifications, recommended 
for adoption by the Load Line Committee, appointed by the 
Board of Trade in 1883 to consider the subject. It was 
not until 1890 that it became obligatory under the provisions 
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of the Merchant Shipping Act for all vessels above 80 tons 
register to be marked with freeboards determined by these 
tables. In the interval, however, many shipowners availed 
themselves of the tables, as is shown by the fact that, between 
1882 and 1890, freeboards were assigned by the Committee of 
Lloyd's Register to no less than 4,600 vessels. These tables 
remained in force till 1906, when, upon the recommendation 
of Mr. H. J. Cornish, then Chief Surveyor of the Society, the 
Committee of Lloyd's Register suggested to the Board of 
Trade that the time had arrived when the tables might with 
advantage be revised. This suggestion was approved by the 
Board of Trade, who arranged for a revision of the tables to 
be undertaken. 

The revised tables of 1906 are the present-day basis for the 
assignment of freeboard to all cargo steamers and sailing ships. 
The revision provided reductions in freeboard which became 
subsequently the subject of criticism to which can be 
attributed in part, at least, the appointment of the Load Line 
Committee of 1913. 

As the object of this paper is to deal with the work of that 
Committee and with the proposals put forward in their report 
for the adoption of new freeboard tables and regulations, it is 
necessary to consider in some detail the alterations made in 
1906 and the subsequent history of the load line question 
from that date. 

The period which immediately preceded the revision of 
the tables was one of considerable progress in naval 
architecture. The attention given to the structural efficiency 
of ships had resulted in the building of vessels of better design, 
both from a strength and a seaworthy standpoint. 

While the general increase in sea-going efficiency was due 
to some extent to improvements in the main structure, the 
changes in this period were most pronounced in the matter 
of the superstructure above the frceboard deck. Notable 
increases to the top-side scantlings of complete superstructure 
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types, namely, spar and awning deck vessels, had become 
general, and in vessels where detached superstruetures were 
fitted these were invariably of strong construction, and the 
proportion of the deck covered by these superstructures had 
been considerably increased. More efficient means for closing 
the openings in the bulkheads at the ends had also been pro- 
vided. It appeared reasonable that vessels of these later types 
could be loaded to a deeper draught than was contemplated 
by tables which were framed in a period when the general 
standard of strength of hull and efficiency of superstructure 
was less. The revision of the tables in 1906 sought to provide 
suitable modifications in freeboard to meet the changes 
indicated. 

The method of arriving at the reduced freeboards permitted 
was comparatively simple. Table A freeboard curve for the 
standard flush deck vessel was slightly reduced, as appeared 
to be warranted by the increased structural efficiency of that 
type of ship. The Table C curve, which provides the basic 
freeboard for superstructure vessels, was similarly dealt with, 
but in this case the reduction was larger, to correspond with 
the greater modification of strength which had been effected 
in the superstructure type. 

The difference between Tables A and C was thus increased, 
and as this difference forms the basis of the allowance for deck 
erections in the case of all vessels having detached super- 
structures, the modifications to the curves provided for 
increased allowance in freeboard. By modifying the per- 
centages which are given in the rules, the increased 
allowances were, however, confined to those vessels in which 
the extent covered was on the average around 50 per cent. 
and above. The general effect of the combined alterations 
was to give reductions to vessels wholly or partially covered 
by superstructures, which varied from $ inch to about 134 
inches, the amount being dependent on the type of vessel and 
upon the character and disposition of the deck erections, | 
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These reductions in freeboard were, in the judgment of 
expert opinion at that time, considered to be well within the 
limits of safety, but adverse criticism was soon directed against 
the increased depth of loading permitted, and in the case of 
two vessels which were lost in 1912 the allegation was 
made by the Courts of Inquiry that for certain vessels the 
revised tables provided insufficient freeboard. While these 
developments were taking place in this country, considerable 
progress had been made abroad in the matter of establishing 
compulsory load lines. Germany had adopted freeboard regu- 
lations as early as 1908. The German tables allowed more 
favourable freeboards than the British, and this influenced 
the British authorities towards the revision undertaken in 
1906. The original German tables were amended in 1907. 
The French Government approved the adoption of freeboard 
tables in 1908, and freeboard regulations had been brought 
into foree in Norway, Sweden, Holland, and Denmark in the 
succeeding years up to 1910. | 

The adoption in foreign countries of load line regulations 
directed attention to a consideration of the question whether 
international agreement on the subject of load lines might not 
be successfully reached. In official circles the idea of an inter- 
national load line found considerable favour, as its adoption 
would simplify many questions connected with international 
trade, and would make it possible to replace, by agreements 
of an international character, the reciprocal national. agree- 
ments which had been found necessary between the various 
countries for the successful operation of their national load 
line regulations. 

The advantages of an international load line to shipping and 
commercial interests in all maritime countries are many and 
obvious, and need not be dwelt upon. Arrangements were 
completed for the calling together of an International Confer- 
ence in London in 1914. In the meantime the Board of 
Trade, аз a result of the adverse criticism which had Беер 
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expressed by the Courts of Inquiry and by the public press 
regarding the insufficiency of the freeboard allowed by the 
revised tables of 1906, decided to appoint a Load Line Com- 
mittee to review the whole question of freeboard and to 
formulate an opinion as to the possibility of preparing suitable 
rules and tables as a basis of discussion when the International 
Conference met. 

The work prescribed for the Load Line Committee by the 
terms of reference was, briefly, (1) to act in an advisory 
capacity as to the attitude to be adopted by the British repre- 
sentatives at the International Conference; (2) to review the 
operation of the existing load line tables in the light of the 
experience gained during the seven years in which they had 
been operative following the revision of 1906, and to consider 
further in this connection whether changes in the tables should 
be made; (3) to investigate the basis upon which rules and 
tables suitable for international acceptance could be prepared. 

In carrying out their investigations in regard to the existing 
tables the Committee devoted much time and trouble to an 
examination of shipping casualties. Information was obtained 
from all available sources, official and unofficial, and the 
resulting data subjected to the most careful and critical 
analysis. This evidence in relation to the freeboards assigned 
was considered, in order to determine whether the deeper 
immersion permitted under the revised tables of 1906 
had contributed to increased loss of ships and lives. On 
this point the findings of the Committee were clear and 
decisive. The Committee reported that on the whole the free- 
boards allowed by the revised tables had not prejudicially 
affected the general standard of safety and seaworthiness, and 
that there was no justification for the view that freeboard was 
a dominant cause of the loss of ships. There was, however, 
a greater liability than formerly for water to come on board 
on the weather decks. 

In considering in detail the application of the existing tables 
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and regulations the Committee found that, having regard to 
the time which had elapsed since the tables were framed, the 
freeboards determined by the tables were generally satisfactory, 
but that they did not in all cases provide, in an equitable 
way, for the freeboard of vessels of the newer types which 
were being built. It had been necessary to legislate for these 
types by adapting the rules and tables as they stood to the 
special requirements of each case, and this tentative method 
of treatment had produced certain anomalies in the results 
obtained. 

Where structural strength exercised a controlling influence 
on the freeboards which had been assigned, the Committee 
found that the strength standard of the present tables, and 
the methods used in applying the standard to strength cases, 
presented many difficult and complex problems. The very 
complete investigations made of data from every source had 
not furnished any evidence to indicate that the strength 
standard of the existing tables provided insufficient strength. 
On the other hand, it was apparent that a standard more in 
line with present-day practice was both desirable and neces- 
sary, and particularly so if a standard of strength suitable for 
international acceptance were to be established. 

The present regulations prescribe that for the minimum free- 
boards given in the tables for full-scantling, spar, and awning 
deck vessels, the standard of strength provided must be equal 
to that laid down for these types in the 1885 rules of Lloyd’s 
Register of Shipping. As the rules of Lloyd’s Register for 
1885 do not provide scantlings for vessels exceeding about 390 
feet in length, a comparison of strength for ships which exceed 
that limit of length can only be made by extrapolation. Іп 
addition, the standard as laid down is obviously best adapted 
to the types of vessels which were built in an earlier period 
of shipbuilding. + 

A modern vessel with deep framing and no lower decks must, 
under the present rules, be compared with a standard type for 
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which the 1885 rules specify shallow frames, hold beams, and 
orlop and lower decks. In longitudinal material the comparison 
necessary for a modern vessel, say an awning decker, would 
be between a vessel having the main strength material at the 
awning deck and a standard type in which the top side 
strength is required to be fitted at the main deck and relatively 
thin material in the awning deck sides. The main strength 
members in the modern ship are accordingly neither similar, 
nor similarly disposed, to those of the standard ship. In a 
comparative standard this is a defect, as it makes direct com- 
parisons of local strength difficult. 

From these observations it must be conceded that the 1885 
standard of strength has obvious limitations, and faults which 
are sufficient to preclude its adoption as a standard for dealing 
with the strength of modern vessels, or as a standard suitable 
for international acceptance. The Load Line Committee held 
this view, and recommended the adoption of a new standard 
of strength and new freeboard tables. 

In considering the question of formulating a standard of 
streneth, a line of investigation was suggested by the fact that 
practically all vessels are now built to the scantlings and in 
accordance with the rules and strength standards of a 
recognised classification society. As classification societies’ 
standards are directly influenced by the progressive changes 
which take place in the design and construction of ships, the 
current rules of the classification societies appeared to offer a 
sound basis for proposals for a new strength standard. 

Investigations of the strength standards underlying the 
classification requirements of the various registries were 
accordingly made. The scantlings and arrangements were 
taken from the printed rules of 1913 in each case, and a further 
comparison with the present strength standard was made by 
making corresponding calculations for vessels to the scantlings 
of Lloyd’s rules of 1885. Two types of vessels were considered, 
namely, (1) the flush deck vessel and (2) the complete super- 
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structure vessel. The relative draughts were in accordance with 
the present tables of freeboard. The investigations of longi- 
tudinal strength covered a range of vessels from 100 to 600 
feet in length, and of varying proportions of depth to length. 
The transverse strength was also investigated. A very com- 
plete account of the investigations carried out by the 
Committee was given in a paper read in 1916 by Sir 
Westcott S. Abell, before the Institution of Naval Architects. 

As formulated, the new standard of strength is expressed 
not in the form of fixed scantlings with a rigidly specified 
arrangement of the structural material, but by moments of 
resistance for the longitudinal material associated with a 
standard frame spacing and a minimum thickness of side 
plating, while in respect of transverse strength a method has 
been developed which relates the moment of resistance of the 
side framing to the draught, by taking account of the stresses 
due to water pressure and the overhead loads transmitted to 
the framing from the decks above. 

The standard for longitudinal strength, as developed, is an 
average minimum of the requirements of the classification 
societies’ standards, and is expressed as a product of the 
moulded draught, moulded breadth, and a strength factor, the 
values for which were found from the investigations, and are 
tabulated for vessels up to 600 feet on a basis of length. In 
this form there is obviously a certain amount of latitude per- 
missible in the arrangement of the longitudinal scantlings 
which may be used to produce the same standard strength. 
Limitations are, however, imposed by two specified require- 
ments in the proposed rules. It is required that there shall 
be a minimum thickness of side plating, and, further, that 
the modulus of resistance in way of the deck openings must 
not be less than 90 per cent. of the standard value determined 
by ealeulations for a section clear of the deck openings. 

While the Load Line Committee have adopted, in the pro- 
posed new standard of strength, a convenient basis for arriving 
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at an estimate of the main strength of ships which follows con- 
ventional lines, there is an absence of detailed requirements 
in the regulations for controlling the strength of many 
important structural parts. There are, for example, no specific 
requirements for the construction of the double bottom, for 
the sizes of deck beams, and for the means to be adopted for 
supporting the decks, nor is the strengthening longitudinally 
and transversely at the ends of the vessel provided for. 
Detailed regulations regarding attachments and the amount of 
riveting to be provided are also not given. While this must 
be granted from a study of the Committee’s proposals, it may 
be pointed out that the majority of vessels are built to the 
specific requirements of classification societies’ rules, and the 
classification societies have established definite standards uf 
strength for these parts. The assignment of freeboard is 
administered practically exclusively by the classification 
societies on behalf of the Board of Trade, and the methods 
which the classification societies have established for dealing 
with questions of detail strength from a classification stand- 
point will doubtless be used, and the same standards observed 
in providing the necessary strength in its relation to freeboard. 

If there had been no available rules and no well-established 
practice in this matter, there would have been an obligation 
imposed on the Load Line Committee to provide specific 
regulations, but, with the adequate provision which exists in 
the rules of the classification societies, it would appear that 
the Committee felt that to incorporate regulations in the 
strength standard, having practically the same effect as those 
presently available, would serve no useful purpose. 

With the new standard of strength the Load Line Committee 
proposes that there shall be tables of freeboard for two types 
of vessel, namely, the standard flush deck vessel and the 
standard complete superstructure vessel. This arrangement 
provides an upper and lower limit of draught between 
which limits the appropriate freeboard, for a vessel inter- 
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mediate in strength between the complete superstructure ship 
and the flush deck full-scantling vessel of the same dimensions, 
can be determined by direct interpolation. 

It still remained to establish a method for dealing with the 
freeboard of various types of vessel with detached super- 
structures fitted above the weather deck. In the present rulcs, 
vessels having detached superstructures on the weather deck 
have been classified according to the particular arrangement 
of the superstructures fitted. There are, for example, vessels of 
the three island type, well deck vessels, and shelter deck vessels, 
and a separate method of evaluating the allowance to be made 
for the deck erections is provided for each specific type. In 
working to the various rules applicable to each case, anomalies 
and inequalities in the resulting freeboards were found to exist. 
Examination showed that, under the present rules, the method 
of computation involves the use of variable percentages which 
have been somewhat arbitrarily determined. The percentages 
are applied to the difference in the table freeboards taken from 
the flush deck table (Table A) and the awning deck table 
(Table C), but the corrections for sheer and length also enter 
into the determination of this difference. The Load Line Com- 
mittee found that the introduction of these corrections for 
sheer and length, made a rational interpretation of the various 
rules which had been established exceedingly difficult, and that 
it was impossible to reduce these rules to any common basis. 
It was also found that preferential treatment was being given, 
in assessing the lengths of the deck erections, to certain types 
of appliances fitted to close the openings in the bulkheads at 
the ends of the deck erections. ‘These considerations indicated 
that the present rules for assessing the allowance for deck 
erections in vessels having detached superstructures were not 
only unnecessarily complex, but in many respects illogical, and 
that some modification of the present basis would be 
necessary. 

Other points had emerged in the study of the freeboards of 
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vessels in which the geometric characteristics govern the per- 
missible freeboard. It had been found, for example, that in 
small flush deck vessels the depth of loading adopted in 
practice by owners corresponded to a much greater freeboard 
than that which would be assigned by the application of the 
rules and tables. For these vessels it was apparent that the 
standard of sheer of the present rules provided an insufficient 
height of platform at the ends of the vessel. For other types 
1$ was considered that a higher standard of sheer would be 
advisable. 

To deal satisfactorily with these points in their separate 
aspects, and in their relation to each other, it appeared neces- 
sary to the Committee to redefine the characteristics of 
standard vessels de novo, and to redraft the rules for the cor- 
rections to be applied for departures from the standards laid 
down. A reference to what has been done in the proposed rules 
and regulations in this connection may now be briefly made. 

In regard to the tables, these have been arranged to provide 
freeboards which are measured from the top of a wood deck, 
or from the top of a steel deck, whichever is fitted at the 
freeboard deck, instead of from the top of an assumed wood 
deck as provided for in the present tables. 

The freeboards are tabulated in relation to the block 
coefficient of fineness at 85 per cent. of the moulded depth 
measured to the freeboard deck, instead of in relation to the 
tonnage coefficient determined from the under deck tonnage 
as required in the present rules. In all cases the freeboards 
given in the tables are measured to the centre of the dise, 
namely, they are the summer freeboards, whereas the present 
tables are tabulated to give winter freeboards. 

In dealing with the geometric characteristics which affect 
freeboard, the proposed rules provide that all corrections to the 
tabulated freeboards for the items of sheer, length, round of 
beam, and deck erections shall be determined as a separate 
correction in each case. A much greater simplicity in applying 
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the corrections for these items under the proposed rules is 
thus secured. | 

It is also proposed that there shall be a standard sheer for 
both flush deck and complete superstructure vessels, and that 
the standard of sheer for the flush deck type shall be greater 
than that required for vessels having a forecastle or a com- 
plete superstructure fitted on the weather deck. A minimum 
standard height of superstructure is also laid down to entitle 
a vessel to the minimum freeboard admitted by the tables. 

The proposed rules for sheer offer some interesting points for 
consideration. The standard sheer line of the proposed rules 
is parabolic in form with the forward ordinate of the curve 
twice the aftermost ordinate, and the lowest point, or zero 
ordinate, situated at the middle of the load line length. The 
intermediate ordinates spaced at equal intervals forward and 
aft of midships are respectively $ th and iths of the end 
ordinates. The mean sheer is defined by the mean ordinate 
of the sheer parabola, and accordingly, for a sheer line having 
a forward ordinate 2a and after ordinate a, the mean ordinate 


of-the curve as determined by Simpson’s rule is 3 ` The 


present freeboard rules define the mean sheer as the sum 
of the forward and after sheer divided by two, so for the same 


values of the end ordinates the present rule mean sheer would 


be = The mean sheer of the present rules is thus three 


times the mean ordinate of sheer of the proposed rules. 

In establishing a standard for the measurement of sheer, 
the Load Line Committee considered that a distinction should 
be made between vessels which are of the purely flush deck 
type, having the minimum freeboards admitted by the tables, 
and vessels which are relatively better protected by having a 
forecastle or complete superstructure fitted on the weather 
deck. Two standards for sheer were accordingly adopted. For 
flush deck vessels the standard mean sheer in inches is defined 
by the formula ‘04L +16, where Т, is the length of the vessel 
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in feet. For vessels which have a forecastle or a complete super- 
structure fitted, the standard sheer is :041 +8. For vessels 
which are intermediate in strength between that of a standard 
flush deck full-scantling vessel and that of a standard com- 
plete superstructure vessel, or where the height of the forecastle 
or of the complete superstructure fitted is less than the 
standard height, the standard mean sheer is to be proportion- 
ately intermediate between '04L--16 and '04L 8. The 
present rules define the standard mean sheer by the formula 


L 
10+ 19 Expressed on the mean ordinate basis, which is the 


basis of the Load Line Committee's proposed standards, the 
present rule standard can be written in the form ‘033L + 3:33, 
and permits of direct comparison of the present rule standard 
with those proposed by the Committee. 

It is to be observed that under the proposed new rules 
sheer is to be taken account of in estimating the freeboard 
of complete superstructure vessels. The rules prescribe that 
in such cases the sheers are to be measured in relation to the 
superstructure deck. This is a notable departure from the 
practice followed under the present rules, where vessels of the 
complete superstructure type dealt with under Table C have 
their freeboards determined without reference to sheer. 

Shelter deck steamers having a tonnage opening fitted in 
the shelter deck are, under the present rules, practically in 
the same category as the complete superstructure vessels just 
referred to. The freeboards of these vessels are unaffected by 
sheer, for, although the sheer at the upper deck is taken into 
account in arriving at the freeboards assigned, the operation 
of the regulations for determining the allowance for the 
shelter deck superstructure, as given in the rules, practically 
neutralises the effect which the correction made on account 
of sheer has on the resulting freeboard. The proposed new 
rules require that for all vessels an independent correction 
shall be made for sheer. This requirement places the com- 
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plete superstructure vessel and the shelter deck steamer on 
the same basis as the flush deck vessel and other types, and 
removes the anomaly which exists in the method of treatment 
of these particular types in respect of sheer in the present rules. 

In order to provide a comparison, from a quantitative stand- 
point, between the sheer standard which the Load Line 
Committee has proposed and the standard of the present 
regulations, a table of sheer particulars for vessels varying 
from 100 feet in length to 600 feet in length is given in 
Table Ia. 

In the case of flush deck vessels, the new standard for sheer 
represents an increase of 200 per cent. for vessels 100 feet in 
length, diminishing to a 71 per cent. increase for vessels 600 
feet in length, and in the case of vessels which have a fore- 
castle fitted the increase ranges from 80 per cent. for 
vessels 100 feet in length to 37 per cent. for vessels 600 
feet in length. These figures indicate the very considerable 
increase which the Load Line Committee’s proposed sheer 
standards represent. It should, however, be noted that the 
majority of vessels built at the present time have a mean sheer 
which is generally about 50 per cent. in excess of the standard 
sheer laid down in the present regulations. The table given 
has been arranged to show a comparison between the present 
standard sheer increased 50 per cent. and the proposed new 
standard of the Load Line Committee. 

The figures given in this connection show that the percentage 
excess is reduced to 100 per cent. at 100 feet length of vessel 
and to 14 per cent. at 600 feet length of vessel in the case 
of the flush deck type, and for vessels which have a forecastle 
fitted it varics from 20 per cent. excess at 100 feet length of 
vessel to nil at 300 feet length, and for vessels which exceed 
300 feet in length the 50 per cent. excess sheer of present-day 
practice is slightly in excess of the Load Line Committee’s 
standard, the figures reaching 9 per cent. for a ship 600 
feet long. 
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The general conclusions which may be drawn from the com- 
parative figures given in the table is that for vessels which 
constitute the greater proportion of the ships engaged in the 
cargo-carrying trades, namely, the three-island type of steamer 
of moderate size, the sheer standard which the Load Line 
Committee proposes for adoption is practically the average of 
prevailing shipbuilding practice, but for vessels which are 
of the flush deck type, the standard prescribes a very con- 
siderable addition to the sheer usually given. 

In applying corrections to the tabular freeboards on account 
of sheer, it is to be noted that the Load Line Committee's 
proposals do not permit of any deduction being made from the 
freeboards on account of any excess of sheer given to a vessel 
above the standard of the tables. Any deficiency of sheer 
below the standard requires an addition to be made to the 
tabular freeboard, which is 50, 624, or 75 per cent. of the 
difference between the standard mean sheer and the actual 
mean sheer, the percentage varying according to the type of 
vessel. | 

For vessels which have no forecastle, or are of the flush 
deck type, the addition is 75 per cent. of the difference; for 
vessels which have a forecastle and poop the addition is 50 
per cent.; and for vessels without a poop the addition is 624 
per cent.; for flush deck vessels which are intermediate in 
strength between the standard flush deck vessel and the 
standard complete superstructure vessel the addition is to be 
proportionately intermediate between 75 and 50 per cent. 

Under the present regulations a reduction is permitted from 
the tabular freeboards for excess of sheer in all cases. This 
deduction is 25 per cent. of the difference between the actual 
sheer and the standard mean sheer. Where a vessel’s mean 
sheer is deficient in comparison with the standard sheer of the 
present tables, the rules require the tabular freeboards to be 
increased by 25 per cent. of the deficiency. 

In the case of flush deck vessels the corrections applicable 
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under the present and the proposed rules on account of 
deficient sheer are in each case a direct addition to the tabular 
freeboards, and are easily and directly comparable, but for 
types in which deck erections are fitted it is difficult to make 
direct comparison of the corrections required, in view of the 
fact that under the present rules the net correction to the 
tabular freeboards in such vessels is influenced by the extent 
and disposition of the deck erections fitted. The amount of 
the penalty decreases as the extent of the deck erections 
increases, being, for example, nil in the case of a vessel having 
a complete superstructure or a shelter deck fitted above the 
weather deck. In the proposed new tables the minimum 
penalty is 50 per cent. of the deficiency of mean sheer. It may 
accordingly be concluded that the average penalty for deficient 
sheer under the proposed new tables is, under no circumstances, 
less than that required by the present rules. It is interesting 
to interpret from these observations the attitude of the Load 
Line Committee towards the question of sheer. The attitude 
is negative, in that the proposed rules do not permit of any 
deduction from the tabular freeboards on account of any 
excess of sheer beyond the standards laid down. The present 
practice of increasing the sheer to improve a vessel’s freeboard 
will accordingly no longer obtain under the proposed regulations. 

On the other hand, the rules and standards have been made 
applicable to all types of vessels, including the complete super- 
structure class, and the standards adopted are so considerably 
in excess of that provided in the present rules that a more 
adequate height of platform is practically guaranteed for all 
vessels. In exacting a comparatively severe penalty, which is 
a direct addition to the tabular freeboard, in cases where there 
is any departure from the standards adopted, any tendency 
on the part of the naval architect to adopt sheer lines of an 
abnormal character is kept under better control than under 
the present rules. 

In framing the proposed rules and standards along these 
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lines, the Load Line Committee have undoubtedly been 
influenced by the recorded casualties which vessels with 
insufficient sheer have sustained. Evidence available to the 
Committee from the official records showed conclusively that, 
where deficiency of sheer or the absence of a forecastle were 
characteristic features of a design, and the vessels concerned 
were loaded to the minimum freeboards admitted by the tables, 
casualty and loss of life were relatively more frequent. Such 
vessels were found to be badly adapted to resist the effect of 
heavy seas coming on board, and in the majority of cases 
the serious damage which cargo hatchways, ventilators, 
exposed deckhouses, and casings sustained had permitted 
water to find its way into the holds, or machinery spaces, 
with disastrous results. | 

By requiring increased freeboards for vessels of the standard 
flush deck full-scantling type, and by still further increasing 
the freeboards where the sheer is deficient, the new rules 
provide a valuable measure of protection to these ships.. The 
enhanced allowance in freeboard given by the new rules for 
the fitting of a forecastle operates to provide increased safety. 

The experience gained in this connection has influenced 
similar provisions being adopted in the classification rules of 
Lloyd’s Register. Lloyd's Register now requires a forecastle 
to be fitted in all vessels, except shelter deck vessels having a 
tonnage opening. 

Reference has already been made to the complexity of the 
regulations contained in the present rules for determining the 
freeboards of vessels having detached superstructures. The 
anomalies and inequalities which have been found in the 
application of these regulations to certain types have been 
outlined, and the necessity has been indicated for establishing 
a more equitable basis of assessing the allowance to be made 
in freeboard f-r the superstructures in the case of these types. 

In dealing with this question, the Load Line Committee’s 
proposals provide that the freeboard of a vessel with detached 
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superstructures shall be determined directly from the allow- 
ance given in the tables to the same vessel with a complete 
superstructure fitted on the weather deck. For this purpose 
16 is necessary to take account of the following variables, 
namely :— 


1. The disposition of the superstructures along the =e 
of the vessel. 

2. The ratio of the combined length of the super- 
structure to the length of the vessel. 

3. The nature of the appliances used to close the open- 
ings in the bulkheads at the ends of the super- 
structures. 


The correction to the tabular freeboards for any particular 
grouping of superstructures is expressed by the product 
f xr xd, where f is a type factor determined by the disposition 
of the superstructures, r is the ratio of the mean effective 
length of the superstructures in relation to the length of the 
vessel, and d is the tabular reduction given in the tables for 
a complete superstructure. Two tables are given in the pro- 
posed rules for use in determining f and r, and in arriving at 
the f factor the mean effective percentage length of the deck 
erection is first determined without regard being paid to the 
means adopted for the closing of the openings in the terminal 
bulkheads of the superstructures. In determining r, account 
is taken of the efficiency of the closing appliances provided. 

Closing appliances are divided into classes, and the second 
table gives the percentage of the mean covered-length of a 
superstructure, which can be taken into account in terms of 
the means of closing fitted to the openings in the terminal 
bulkheads. The tables are reproduced in the Appendix. 

In Table I it will be noted that for types in which both 
ends and the midship portion of the vessel are covered by 
substantial deck erections, the type factor is uniformly unity 
for all percentages covered. So long as a forecastle is fitted, 
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the type factor does not fall below :8. For other detached 
superstructures, the maximum value of the type factor for any 
grouping in which a forecastle does not form a part is "8, pro- 
vided the percentage covered is 70 per cent. or above. 
For smaller percentages the value of this factor gradually 
diminishes to a minimum of "5, which is the factor appropriate 
to a poop erection covering 40 per cent. or less of the v2ssel’s 
length. | 

In Table II, if Class 1 appliances are fitted the full length 
of the superstructure is allowed in determining the r factor. 
For Class 2 appliances, the allowed length is generally 80 per 
cent. of the actual length. 

Special interest attaches to the classification adopted by the 
Load Line Committee for the various types of appliances 
commonly fitted to elose the openings in the terminal bulk- 
heads of detached superstr3etures. The classification differs 
from that given in the Board of Trade Circular 1416, which 
is the classification used in the assignment of freeboard under 
the present tables. Hinged steel watertight-doors, stiffened so 
as to be of equivalent strength to the unpierced bulkhead to 
which they are fitted, are designated Class 1 as under the 
present rules. Hardwood hinged doors are classed by the 
Load Line Committee as Class 2, and wooden stormboards in 
riveted channels fitted for the full height of the openings are 
placed in the same category. The classification is not, however, 
extended to include other types of closing appliances, such as 
stecl plates attached by hook bolts or attached by nut and 
screw bolts at non-watertight pitch, although these appliances 
are included as approved closing appliances of a temporary 
character in the classification followed under the present rules. 

All types of appliances other than those specified by the 
Committee as Class 2 are designated as Class 0, and a greatly 
reduced percentage of the actual length of the superstructure 
is allowed when appliances of this class are fitted, as will be 
seen from the table. 


THE APPLICATION OF THE NEW FREEBOARD REGULATIONS 245 


A consideration of the requirements of Table II, in relation 
to the question of measurement of deck spaces under the 
tonnage rules, indicates that in all cases where the maximum 
allowance in freeboard is to be obtained for the superstructure 
spaces, the bulkheads at the ends must be intact or have any 
openings in these bulkheads closed by Class 1 appliances. The 
case of a forecastle is an exception, as the full length of a 
forecastle is allowed when Class 2 appliances are fitted. By 
the tonnage measurement rules the use of Class 1 appliances 
involves the tonnage of the superstructure spaces being added 
to the measurement in determining the gross tonnage 

When stormboards are fitted to close the openings, in order 
to obtain exemption of the spaces from measurement, the 
allowance in freeboard for the superstructure is in general only 
80 per cent. of the allowance permitted where the super- 
structure spaces are closed by Class 1 appliances, and a vessel 
having the deck spaces exempted from measurement does not, 
therefore, under the proposed tables, obtain the minimum 
freeboard. | 

Under the present regulations the use of stormboards and 
certain types of appliances, which the Load Line Committee 
has classified as Class 0, to close the openings in the bulkheads 
at the ends, entitles a vessel to obtain the full allowance 
in freeboard for the superstructure spaces, and at the same 
time admits exemption of these spaces from tonnage measure- 
ment. 

The present rules thus permit of the minimum freeboard 
being assigned to vessels where exemption of the superstructure 
spaces from tonnage measurement is also obtained. An 
exception is the case of the well deck vessel with long poop 
and bridge combined, and the well forward. It is apparent, 
therefore, that, under the proposed rules of the Load Line 
Committee, vessels having detached superstructure fitted on 
the weather deck are to be placed at a disadvantage, either in 
respect of freeboard or in respect of tonnage measurement. 
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The majority of cargo-carrying vessels are of the shelter deck, 
three island, or well deck types, and, under the proposed tables, 
owners of these vessels will be compelled to choose between 
increased freeboards, with a consequent reduction in dead- 
weight carrying capacity and reduced earning capacity, and 
increased tonnage measurement involving higher dues and 
increased cost of operation. The extent to which the applica- 
tion of the proposed rules would increase the freeboards of 
these vessels, when the deck spaces are exempt from measure- 
ment, may be seen by reference to the illustrations accom- 
panying the paper, which show a comparison of freeboard 
under the existing and proposed tables for a number of types 
of vessels, including the shelter deck and three island types. 

The comparison indicates that in the case of a vessel 350 


feet in length of standard proportions Е =12, having 40 рег 


cent. covered by deck erections, the exemption of the super- 
structure spaces from measurement would involve an increase 
in freeboard of 2 inches, and if a shelter deck with tonnage 
opening were fitted the additional freeboard required by the 
new tables, for the same vessel, would be 10} inches if the 
shelter deck spaces are exempted from measurement. When 
the length to depth ratio is increased to 18%, these figures 
become 8 inches for the three island vessel, and 10 inches for 
the shelter decker. A three island vessel of 134 depths to 
length, with 70 per cent. covered by deck erections, would 
have an increased freeboard of 5 inches under the same condi- 
ditions, namely, where the deck spaces are exempted from 
measurement. There does not appear to be sufficient justi- 
fication for these comparatively large increases in freeboard. 

In the case of the shelter deck steamer, experience has 
proved that this type is safe and seaworthy when loaded to 
the draughts permitted by the existing tables. The increased 
freeboard which the proposed rules require for this type, results 
from a somewhat too rigid adherence to the general principles 
laid down for dealing with the freeboards of vessels of the 
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superstructure type. In computing the freeboard of shelter 
deck vessels, 80 per cent. of the length of the enclosed shelter 
deck spaces is allowed as effective, and the shelter deck is 
treated in all respects as a detached superstructure. No allow- 
ance 1s made for the additional protection which is afforded 
to the tonnage bulkheads from the effect of blows from the 
sea by the enclosed sides and continuous deck fitted over the 
tonnage well. These structural features in the design of the 
shelter deck steamer appear to warrant more favourable con- 
sideration than has been given by the Load Line Committee. 

This point in reference to the shelter deck steamer and the 
general question of the allowances made in Table II of the 
report for superstructure spaces with various types of closing 
appliances, has been taken up and fully discussed by The 
International Committee appointed by the Chamber of Ship- 
ping at a meeting held in London in May, 1922. It was then 
agreed to recommend that in the case of the shelter deck 
steamer, where stormboards are fitted of full height to close 
the openings in the bulkheads at the ends of the tonnage well, 
full allowance should be given for the shelter deck spaces in 
computing the freeboard. For vessels having detached super- 
structures, it was further agreed that the percentage allowance 
given in Table II for bridge houses which are closed by Class 1 
appliances at the fore end and either Class 1 or Class 2. 
appliances at the after end, in conjunction with open scuppers, 
should be modified to 100 per cent. For vessels having a 
combined poop and bridge, it was agreed that full allowance 
should only be given when the openings in the forward bulk- 
head are closed by Class 1 appliances. It was also agreed 
that portable plates, whether secured by bolts through the 
bulkhead plating or by hook bolts, should be included in 
Class 2 closing appliances, but that stormboards of half height 
should be regarded as provided for in the Load Line Com- 
mittee’s Report, namely, as Class 0. 

These recommendations of the International Committee 
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have been placed before the Board of Trade by the Chamber 
of Shipping, and as the Committee responsible for them is 
composed of eminent representatives from all countries in 
which Load Line Regulations are operative, there is every 
reason to believe that they will be adopted. 

Figs. 4, 5, and 6 show what would be the effect of the 
suggested modifications in the case of the shelter deck steamer, 
the comparison between the present and proposed tables and 
regulations being shown by curves 5 and 6, as distinct from 
the comparison shown in curves 5 and 7. 

For the examples cited for vessels of the three island type 
850 feet in length, having length to depth proportions of 12 
and 134 and with 40 per cent. and 70 per cent. of the length 
covered by deck erections, the figures already quoted for the 
increase in freeboard, namely, 2 inches, 8 inches, and 5 inches, 
would become half-an-inch, one-and-a-quarter inch, and three- 
quarters of an inch respectively. Obviously the general effect 
will be to bring the freeboards, as determined by the new 
tables, more nearly into line with those allowed by the 
present tables. 

A point of interest arising out of this question of the inter- 
relation between freeboard and tonnage measurement is 
brought into prominence by the requirements in the proposed 
rules of the Load Line Committee. It is apparent that the 
addition of the superstructure spaces to the gross tonnage 
measurement will make it increasingly difficult in working to 
the requirements as drawn up by the Committee, to provide 
the statutory minimum of 18 per cent. for the propelling 
spaces which is necessary in order to claim the 32 per cent. 
deduetion from the gross tonnage allowed under the tonnage 
regulations. In designing ships the aim of the naval architect 
is generally directed, inter alia, towards securing the minimum 
freeboard admitted by the tables, and at the same time 
towards keeping the length and extent of the machinery spaces 
as small as possible. | 
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To obtain the freeboard desired, Class 1 closing appliances 
would require to be used to close the superstructure spaces, 
and in consequence of the increased gross tonnage it may 
obviously be found necessary to provide additional space in 
the machinery space for the sole purpose of obtaining the 32 
per cent. deduction. In view of the present-day development 
in propelling machinery, this question should receive the con- 
sideration it deserves, and probably the most satisfactory 
solution would be to reduce the 18 per cent. figure suitably 
to meet the altered conditions. 

Figs. 1, 2, and 8 relating to a vessel 350 feet in length, with a 
variable proportion of the length covered by poop, bridge, and 
forecastle, show that the application of the proposed tables 
and regulations will result in increased freeboards for vessels 
of this type, where Class 2 appliances are fitted to close the 
openings in the terminal bulkheads at the front of the 
poop and the after end of the bridge erections, and with 
Class 1 appliances the freeboards under the proposed tables 
will be more favourable than those permitted by the present 
rules. 

Figs. 4, 5, and 6 show a comparison of freeboards between 
the present and the proposed tables for vessels of the flush 
deck and complete superstructure types. In making the cal- 
culations it has been assumed that the sheer is in all cases 
50 per cent. in excess of the standard of the present rules, 
and the freeboards are measured from the top of an uncovered 
steel deck. The freeboards apply to vessels ranging in length 
from 150 to 550 feet, with proportions of length to depth of 
103, 12, and 184. The curves numbered 1, 2, 5, and 7 are 
of particular interest, as they show the very considerable 
difference in freeboard which the proposed tables provide, for 
vessels of the flush deck and shelter deck types. Curve 8 
illustrates the important reduction in freeboard permitted by 
the proposed tables to flush deck vessels, when protection at 
the fore end is provided by fitting a forecastle for 10 per cen’. 
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of the vessel’s length. The other variations in freeboard as 
shown by the curves are of a minor character. 

It will, however, be noticed that the proposed tables 
require relatively somewhat greater freeboards for small com- 
plete superstructure and shelter deck vessels, where in the 
latter type the openings in the tonnage bulkheads are closed 
by Class 1 appliances. 

For small vessels, and particularly for small flush deck 
vessels, experience shows that the provision of an ample 
margin of freeboard is necessary. It does not appear that the 
increases in freeboard required by the proposed tables of the 
Load Line Committee for these types are any more than 
appears to be amply warranted as a reasonable provision for 
the safety of these vessels. | 

In their application, generally, the proposed rules and tables 
are not intended to be retrospective, and the increased free- 
boards where they apply will only affect new vessels. 


APPENDIX. 


For convenience in reference the Section dealing with Standard 
Strength is reproduced from the Load Line Committee's 
Report. Tables I and II, relating to the Allowances for Super- 
structures, are also reproduced. | 


STANDARD STRENGTH. 


Standard Strength as expressed in Clauses (1) to (4) is 
applicable to cargo-carrying vessels of ordinary type. 


(1.) Definitions. 

(i.) Material.—The standard of strength assumes that the 
structure is built of mild steel, manufactured by the open 
hearth process (acid or basic), which has a tensile strength 
of 27 to 82 tons per square inch, and an elongation of 20 per 
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cent. on a length of 8 inches measured on a British standard 
test piece. 

(ü.) Dimensions.—Length and Breadth are to be measured 
in accordance with Article 6. 

Depth to Strength Deck, hereinafter called Strength Depth, 
is to be measured from the top of the keel to the under side 
of the strength deck stringer at the side of the vessel amidships. 

Draught is to be measured in feet from the top of the keel 
to the centre of the disc. 

(ш.) Strength Deck.—The strength deck is the upper- 
most deck which is incorporated into and forms an integral 
part of the longitudinal girder within the half-length 
amidships. 

(2.) Standard of Longitudinal Strength for New Vessels. 

(i.) Longitudinal Modulus of Resistance.—The longitudinal 
modulus of resistance is the moment of inertia (I) of the mid- 
ship section about the neutral axis divided by the distance (y) 
measured from the neutral axis to the under side of the 
strength deck stringer at side. 

The standard moment of inertia of the midship section is 
. calculated without deductions for deck openings or rivet holes. 
The areas are to be measured in square inches and the dis- 
tances in feet. 

Below the strength deck, all longitudinally continuous 
members are to be included with the exception of such parts of 
under deck girders as are entirely required for pillaring pur- 
poses. 

Above the strength deck, the only members included are 
the gunwale angle bar and the extension of the sheerstrake 
above the strength deck. 

(ii.) Standard of Longitudinal Strength.—The standard of 
longitudinal strength is measured by the modulus of resistance 


E as defined above and is given by 


I 
=_= В 
- f 
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where I is measured in square inches—feet? ; 
у 13 measured in feet; 
B is the breadth in feet; 
d їз the draught in feet from the top of the keel to 
the centre of the disc; and f is a factor on a basis 
of length and is given by the following table :— 


LONGITUDINAL STRENGTH FACTOR f. 


Length in Length in 

Feet. f Feet. f 

100 2:00 360 10°50 
120 2°25 380 11°50 
140 2°60 400 12°50 
160 3°00 420 13°50 
180 3°50 440 14-60 
200 4:00 460 15:70 
220 4:60 480 16:80 
240 5°30 500 18:00 
260 . 6:10 520 19°20 
280 6:90 540 20:40 
300 "70 560 21:70 
320 8:60 580 23°10 
340 9°50 600 24°60 


For intermediate lengths the value of f is determined by 
linear interpolation. 
This formula applies to vessels having a length which 


does not exceed 600 feet, a breadth which is between 


E +5 and +920 both inclusive (where L is the length in 


feet), and a ratio of length to depth to strength deck, herein- 
after called the Strength Length-Depth Ratio, which is 
between 10 and 13°5 both inclusive. 
The modulus of resistance in the way of the deck openings 
must not be less than 90 per cent. of the standard value. 
(iii.) Standard Frame Spacing and Thickness of Side Plat- 
ing.—The standard minimum thickness of side plating in 


hundredths of an inch is 
(105L + 17) 
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and the standard maximum frame spacing in inches for side 
plating of this thickness is 21 inches in vessels not exceeding 
160 feet in length and in vessels of greater length is 


(025L + 17) 


where L is the length of the vessel in feet. 

(9. Standard of Transverse Strength for New Vessels. 

(i.) The Standard Transverse Frame is composed of a frame 
angle and a reverse angle each of the same size and thickness. 

(ü.) The Transverse Modulus of Resistance.—The trans- 
verse modulus of resistance is the moment of inertia (I) of the 
standard frame section about the neutral axis divided by the 
distance (y) measured from the neutral axis to the extremity 
of the frame section without deduction for rivet and bolt holes. 
t is applied to the midship frame below the lowest tier of 
beams and it is measured in inch units. 

(ii. Standard of Transverse Strength.—The standard of 
transverse strength is measured by the transverse modulus of 


resistance 7. as defined in Clause (ii.) and is given by 


1 84-0) (Ath) 
y 1000 


. where I is measured in square inches—inch? ; 

y is measured in inches; 

s 18 the frame spacing in inches; 

d is the draught in feet from the top of the keel to the 
centre of the disc; 


t is the vertical distance in feet from the top of the 
keel to a point which is midway between the top of 
the inner bottom at side and the top of the heel 
bracket. Where there is no double bottom 1 is to be 
measured to a point which is midway between the 
top of the floor at centre and the top of the floor at 
side, Fig. 7. 
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f, is a coefficient depending on H, which is the vertical 
distance in feet from the top of the lowest tier of 
beams at side to a point which is midway between 
the top of the inner bottom at side and the top of 
the heel bracket in vessels fitted with double bottoms. 
Where there is no double bottom H is to be 
measured to a point which is midway between the top 
of the floor at centre and the top of the floor at side, 
Fig. 7. 

f, is a coefficient depending on K, which is the vertical 
distanee in feet from the top of the lowest tier of 


ж” 
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Fig. 7. 


beams at side to a point which is 7 feet 6 inches above 
the freeboard deck at side, or, if there 1s a super- 
structure, to a point 12 feet 6 inches above the free- 


board deck at side, Fig. 7. 
19 
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The values of f, and f, are given in the following tables : — 
Ez M 
in feet. ý В | m | 


| ! 
| 


| 


12 114 16 18 | 20 | 22 | 91 | 26 


f, | 9 | |125 15 | 19 | 24 |295 | 36 | 43 | 51 | 59 


K in feet. | 0 


Intermediate values are to be determined by interpolation. 
This formula applies to vessels having a depth which is 
between 15 feet and 60 feet, both inclusive, a breadth which 


18 between 77 +5 and та +20, both inclusive (where L is the 


length in feet), and a strength length-depth ratio which is 
between 10 and 18:5, both inclusive; provided that the hori- 
zontal distance from the outside of the frame to the centre 
of the first row of pillars does not exceed 20 feet. 

(iv.) Transverse Stiffness.—The assigning authority is to be 
satisfied that the distribution of material is such that the 
transverse framing has sufficient stiffness. 


(4.) Extent of Midship Scantlings. 
The midship scantlings are to extend at least throughout 
half the length amidships or an equivalent construction is to 
be provided. | 
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TABLES FOR COMPUTING ALLOWANCES FOR SUPERSTRUCTURES. 


Type of Vessel. 
| 
Complete superstructure 
vessel .. 2% 
Well deck Vessel well | 
forward ‘es 
Well deck vessel, well aft 
Three island vessel 
Forecastle and long) 
bridge detached ...} 
Combined forecastle E 
bridge бы m 
Long bridge and poop) 
detached is 
Long bridge es 
Combined bridge and poop 


TABLE I. 


Percentage length of Superstructure.* 


709 | 

and | 65%. | 60%. 55%. | 50%. | 45%. 
above | 

10 |10 |10 |10 |10 119 
90 | +90 | -90 | -90 | -90 | -90 
:90 | -88 | -87 | -85 | -83 | °81 
80 | -78 | °77 | +75 | °73 | °1 
:80 | -77 | +74 | +70 | 67 | °64 
'80 | "75 | -70 | +65 | -60 | -55 


“90 


10 
"60 


50 


Туре of Vessel. 


ИТ а post роор 


Forecastle and short 


| island ВЕТ 
i bridge detached. 


| 
Forecastle only. 


| (Short bridge and 
i | poop detached. 
Short bridge only. 
Poop only. 


*The percentage length of superstructures is determined by adding to- 
gether the mean covered length of such superstructures and dividing the sum 
by the length of the vessel, disregarding the means of closing. 
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| vessel's length.) 


TABLE II. 
Nature of closure of Percentage of length allowed for an open 
Bulkhead.* Percentagc extension beyond a Bulkhead. 
| Superstructure. ie و‎ | of length 
i allowed. и 
| Forward. Aft. lorward. | Aft. 
| al ныны | 
| 
ТЕогесазвЙе (поё | 
' exceeding 15 — | 1 or 2 100 | — ! 75 
_ percent. of the -- | 0 75 — m 
vessel’s length.) J | | | 
| tContinuous force- | | | : | 
' castle and | | 
| bridge 35 per | = | : ph | = 60 | 
| cent. ог more |, m ~ = 60 | 
| | — 0 60 — — 
of the vessel’s | 
length ... | | 
1 1 1 100 30 | 
| 1 | 2 80 30 60 wien 1 
Bridge ... 2 2  . 70 | 30 1 or 2; 
| | lor2 | 0 i €0 | 30 | | 30 when 0 
0 1, 2or 0 | 30 30 
! JTContinuous). | | 
bridge and poop ] | — 100 30 — 
30 per cent. or | 2 | — | 80 30 — 
more of the | 0 — 30 x cate) 
vessel’s length. ! 
tPoop (not ex-) | ] u 100 40 = 
ceeding 10 per 9 - - 80 40 3 
cent. of 2 0 22 40 | ЕК | N 


* The number 1 indicates either an intact bulkhead or a bulkhead with 
Class I. closing appliances; 2 refers to a bulkhead with Class II. closing 
appliances; and 0 refers to every other case. 

t The allowances for forecastles which cover from 15 to 35 per cent. of 
the vessel's length, and the allowances for poops which cover from 10 to 30 
per cent. of the vesscl’s length are to be determined by linear interpolation. 
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Discussion. 


Mr. GEORGE Nicot (Member): It is difficult to realise that 
prior to so comparatively recent a date as 1874 there was 
nothing in the law of the land to determine the draught to 
which a shipowner might load his vessel. The familiar Plimsoll 
mark appeared on the sides of ships as a requirement of the 
Merchant Shipping Act of 1875. Before this date, however, 
Lloyd's Register of Shipping, as a condition of classification 
of awning deck vessels, had a diamond-shaped mark with a 
bar at each end painted on the vessel's sides. This, accord- 
ing to Sir P. Watts, was the first case of a fixed load line being 
required by any publie body. 

In his elaborate and able paper, Mr. Chisholm has explained 
very fully the basis of the modern method of calculating free- 
board, up till the time of the revision in 1906. I agree with 
him that one important cause of the appointment of the 1918 
Committee was the dissatisfaction of the nautical publie with 
regard to the reductions of freeboard which took effect at that 
time, and which, in certain types of vessel, such as the old 
partial awning decker and the modern shelter decker, were 
very considerable. I should like to draw attention to the find. 
ing of this Committee. After weighing all the evidence they 
could get, as we learn from their report, they ultimately 
decided that nothing had emerged to prove that any reduction 
of safety had resulted from the use of the tables referred to. 
I5 was admitted, however, that there was a greater liability to 
ship water on the weather decks. These two statements seem 
rather conflicting. It might be argued that if the parts of the 
upper structure, in the ease of rough weather, had to with- 
stand battering from the sea to a greater extent than formerly, 
there would be a greater liability of their giving way, with a. 
consequent reduction of safety. On the other hand, the 
vulnerable parts of the vessel might be made strong enough 
to meet this, as is done in the case of submarines. However, 
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taking the statement of the Committee as it stands, the question 
arises: Why, if not needed on the score of safety, do the pro- 
posed rules, on the whole, demand greater freeboards than 
those required by the existing tables? 

It will, I think, be generally conceded that the proposed 
rules are simpler of application than the present ones, and on 
that score they will be welcomed. The reasons for some of 
the modifications introduced, however, are not apparent on a 
first examination. Presumably, one object of the Committee 
in making their recommendations in regard to sheer, for 
example, was, as Mr. Chisholm suggests, to bring this element 
more under control than at present. At a first glance, how- 
ever, it would appear that future vessels are to be penalised 
heavily in regard to sheer. In Table Ia Mr. Chisholm gives 
the increases of standard sheer under the proposed rules. А 
small flush deck vessel 100 feet in length, it is noted, will 
have an increase of 200 per cent., and a large vessel of the 
same type, 600 feet in length, an increase of 71 per cent. 
These increases look serious, but let us view them in 
relation to the corresponding freeboards. Taking two flush 
deck vessels of standard proportions of length to depth, say, 
400 and 600 feet in length respectively, there is, in each case, 
compared with the existing rules, a tabular reduction of 
freeboard under the proposed rules of 1:28 and 1'6 inch. 
Assuming the vessels to have the new standard sheers, as they 
must have to escape serious additions to the freeboard, the 
vessels would, under the present rules, be entitled to a reauc- 
tion of freeboard on account of excess sheer up to 50 per cent. 
of the standard mean sheer divided by four, that is, in the 
cases cited, of 64 inches and 82 inches respectively. Thus, the 
net reduction of freeboard by the present rules, compared with 
. the proposed rules, would be approximately 5 inches and 7} 
inches. Besides this, the vessels have mean sheers in excess 
of the present rule standard plus 50 per cent. of 21 inches and 
15 inches respectively. If to these excess sheers be added the 
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present rule equivalents in mean sheer of the differences in 


freeboard above mentioned, it will be seen that the proposed 
rules impose what may be described as a sheer penalty on 
these vessels of 41 inches and 44 inches. For smaller flush 
deck vessels this sheer penalty is greater. In the case of 
vessels of 150 feet length it is 46 inches, rising to 51°7 inches 
for vessels of 250 feet length. It would thus appear that, 
viewed in this way, the proposed rules are more severe on 
smaller vessels and less severe on larger vessels than the 
figures of Table Ia indicate. 

For vessels having erections, including forecastles, a direct 
comparison cannot be made, for the reason pointed out by Mr. 
Chisholm. It is clear, however, that vessels of this type will not 
be penalised to any appreciable extent, at any rate in respect to 
sheer, under the proposed rules. The Committee’s action in 
recommending the above mentioned increases of standard mean 
sheer for flush deck vessels probably proceeded more from a 
desire on their part to make such vessels comfortable at sea 
than from any fear on the score of safety. 

In dealing with allowances for superstructures, Mr. Chisholm 
draws attention to the more drastic regulations in the proposed 
rules for the closing of openings in erections. The proposal 
to demand Class 1 appliances for closing the openings in both 
end bulkheads of a bridge erection, for instance, or, alter- 
natively, an increase of freeboard, is a serious situation for 
the shipowner, since, as pointed out by Mr. Chisholm, the 
fitting of these appliances will mean the inclusion of these 
spaces in the gross tonnage. 

The present method of closing the after end openings, 
namely, with shifting boards the full height in riveted channels, 
exempts the space from tonnage measurement, and, so far as 
I know, it has never been seriously advanced that this method 
has been found unsafe. There seems no good reason, there- 
fore, for making a departure which has such serious economic 
consequences. It is to be hoped that the recommendations 
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of the International Committee, which practically amount to 
the keeping of the rules as to closing appliances much as they 
are at present, will prevail with the Board of Trade. If this 
is done, of course, the question of tonnage, raised by Mr. 
Chisholm in regard to the securing of the statutory minimum 
of 18 per cent. for the propelling spaces, will not arise. 

The paper is a long one, and I hesitate to suggest anything 
in the way of an addition. Its value would, in my opinion, 
have been increased, however, if he had given one or more 
concrete examples of the full application of the proposed rules. 
In this way, the effect of the regulations under working con- 
ditions would have been brought home more strikingly than 
by the general treatment adopted in the paper. 

Mr. Frank В. Bram (Member): It behoves everyone 
interested in ships to scan with a severely critical eye any 
proposed new shipping legislation, if one may judge from the 
effect of the Board of Trade's last two efforts in the field of 
progress—namely, the bulkhead regulations of 1915 and the 
life-saving appliance rules of 1920. On the whole, I think we 
may accord these freeboard regulations a qualified approval. 

The application of the corrections for sheer and erections has 
been simplified, and the abolition of the tonnage coefficient, 
which is replaced by a displacement coefficient, is a great 
improvement. The difficult question of fixing a standard 
strength has been tackled on practical lines, and solved in an 
empirical manner, the only person to be pitied being the 
unfortunate shipyard estimator, who, as a rule, is not given 
the time to go into moment of inertia calculations. The 
system of marking has also been simplified. On the question 
of sheer the Committee have apparently run riot. In the exist- 
ing rule, sheer is no doubt on the small side, but the new 
rules seem to have gone to the other extreme. For instance, 
as Mr. Chisholm points out, the sheer forward in & 100 feet 
vessel ig 80 inches. A rise of 6 feet 8 inches in the length 
of 50 feet gives a slope of 14 degrees, even when the vessel is 
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forgotten that men have to move and work on deck, also that 
the deck is occasionally wet and slippery, and, in a small vessel 
with a lively motion, to get about on a slope like that is even 
dangerous. Small flush deck vessels undoubtedly require 
more freeboard and more sheer than the existing rules, but 
there are limits. Even a trawler, from anywhere but the 
Zuyder Zee, would kick at a sheer like that. Except in very 
small vessels the alternative is less sheer and a forecastle, 
which in fact is now the practice in most large trawlers. Mr. 
Chisholm points this out on page 242, where he says Lloyd’s 
Register now requires a forecastle to be fitted on all vessels, 
except shelter deck vessels, though, by the way, it is not 
so long since they did not encourage erections on vessels of 
less than 14 feet depth of hold. 

Regarding the allowance for erectiqgs, the general effect of 
the new regulations is to increase the freeboard unless Class 1 
appliances are used to close the openings. If Class 2 
appliances are used, the freeboard is considerably increased. 
As this materially affects the tonnage, the point is most 
important for the shipowner, and I agree with Mr. Chisholm 
that this part of the new rule requires amendment, especially 
with regard to shelter deck vessels under the existing tonnage 
laws. This brings up the point of the hampering effect of the 
present tonnage laws on ship design, and the necessity for a 
drastic alteration in them as suggested in Mr. Anderson’s 
paper last year. It is ridiculous that a seaman is prevented 
by law from battening down a hatchway on a shelter deck in 
heavy weather, or, if he does so, his owner is mulcted in an 
outrageous increase of tonnage dues. The shelter deck type, 
as Mr. Chisholm points out, has proved itself safe and sea- 
worthy, and it has the merit of providing an extra height of 
platform, which is an advantage much more appreciated by 
seamen than by the Load Line Committce. 

In looking over the composition of this Committee, one 
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rather wonders on what principle the Board of Trade works in 
sclecting them. Freeboard is peculiarly а seaman’s question, 
and, although no one questions the scientific and shipbuilding 
knowledge of the members, it seems that the men who have 
to handle ships should have more say in the matter. The 
ships may be strong enough to stand the stresses they meet, 
but a perusal of the Committee’s requirements as to ventilator 
coamings, hatch coamings, and other openings, seems to lead 
one to inquire if these fittings are not subjected to unfair 
stresses. 

The tramp sailorman in some types of vessel, notably well 
deckers, and flush deck oil-tankers, undoubtedly wants more 
freeboard. The new rules give him a little, but the principal 
obstacle to his getting it is our archaic tonnage laws. If naval 
architects were freed from the restrictions of antiquated 
tonnage laws, they would soon produce more seaworthy апа 
comfortable ships. | 

Dr. J. Ввонм (Member): It is, I believe, desirable to get 
as far as possible uniform freeboard regulations in the various 
maritime countries, and I consider the British Load Line Com- 
mittee’s proposal of 1915 a satisfactory basis for international 
discussion with a view to arriving at a common system of 
assigning load lines. I further agree generally with the amend- 
ments suggested by the Chamber of Shipping’s International 
Committee on Load Lines. In some respects I think the 
proposal thus arrived at might still be improved. I believe, for 
instance, it would be desirable that the minimum freeboard 
for flush deck vessels (present table A) should be increased 
more than the International Committee apparently suggest, 
suy by at least some 6 inches. The correction for erections 
ought in that case to be so adjusted that the freeboard 
for vessels of the ordinary types of ship, as three island 
and shelter deck ships, would not be increased. Mr. Chisholm 
says, with regard to the British Load Line Committee’s pro- 
posed increase in the frecboard of shelter deck vessels, that 
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this type results from a somewhat too rigid adherence to the 
general principles laid down.’’ I think this remark is applicable 
to some of the British Load Line Committee’s other pro- 
posals. It applies, for instance, to the manner in which the 
sheer is to be measured. In a shelter deck vessel with a small 
tonnage opening aft, the sheer is to be measured to the second 
deck, with the result that such a vessel with no sheer at this 
deck gets her freeboard increased by some 12 inches compared 
with that which the present Board of Trade Rules allow, in 
spite of the fact that such vessels have not been found wanting 
in freeboard, and in spite of the fact that it is the sheer of 
the shelter deck which is, in such a case, of importance as 
regards the seaworthiness of the ship. 

It is much to be regretted that the British Load Line Com- 
mittee had not the courage to propose that the tonnage regu- 
lations should be amended so as not to operate against safety. 
As it is, a sort of unsatisfactory commercial basis is laid down, 
according to which an owner must choose between increased 
safety combined with increased expense and less safety com- 
bined with less expense. At some time this question must, 
in any case, be tackled, and it would seem reasonable to do 
so in connection with the introduction of international freeboard 
rules. The whole complicated arrangement with regard to 
closing appliances for openings in the end bulkheads of erections 
might then be avoided. 

The introduction of the strength of ships into freeboard rules, 
and particularly into international rules, is, I think, a mistake. 
The question of strength is dealt with by the classification 
societies, and if they can do this as they actually do now for 
all ships with the minimum freeboard, it seems unreasonable 
to assume that they cannot do it equally satisfactorily when 
the freeboard is greater than the minimum. All classification 
societies must necessarily have rules for the strength of such 
ships, and it was, therefore, natural that Lloyd’s Register 
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incorporated regulations for awning and spar-deck vessels in 
their first freeboard rules instead of keeping them in the 
classification rules. Unfortunately the Board of Trade took 
this portion of the freeboard rules of Lloyd’s Register along 
with the rest when government load line regulations. were 
established, and ever since it has been taken as a matter of 
course that a proper set of freeboard rules should include 
some regulations regarding the strength of those ships which 
have a greater freeboard than the minimum permissible. By 
the effects of the 1885 strength standard, the unsatisfactoriness 
of this has been particularly apparent in Great Britain during 
nearly 40 years. In other countries where the current rules 
of a classification society have been adopted as the strength 
basis, the unfortunate results of the principle have been less 
evident. 

Any such legal strength standard must, in the nature «f 
things, lie below the classification societies' standard, and it 
may, therefore, in practice have the effect of lowering this 
standard, which would be directly against the very object for 
whieh a legal standard of strength presumably would be 
established. From the classification societies’ point of view 
it may, to a certain extent, be satisfactory to have such a legal 
strength standard lower than their own, and in a general way 
a standard like the British" 1885 one may be said to have a 
beneficial effect in connection with the improvement of efficient 
ship construction, but this should hardly be the object of 
government regulations. The competition between the classifi- 
cation societies should be quite sufficient in this respect. There 
are many other objections to legal strength regulations in free- 
board rules. If they are to be of any practical usc, they would 
have to follow the development in shipbuilding practice as 
quickly as classification rules do, and this it would be impos- 
sible to ensure. On the contrary, such legal regulations would. 
soon become stereotyped and of no real use. | 

For the above reasons I think the strength standard рго- 
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standard of that nature, should not be introduced into 
international freeboard rules. These should only provide a 
minimum height above water, and the frecboard may then, 
of course, be greater than this, in which case the classification 
societies should look after the strength as they do in other 
cases. The strength standard proposed by the British Load Line 
Committee is really no standard at all. It only deals with 
certain moments of resistance, and is, therefore, incomplete. 
It provides for no proper thickness of deck plating or bottom 
plating in proportion to the frame spacing, for no efficiency of 
the attachments, and for no strength of deck beams and floors, 
as pointed out by Mr. Chisholm. What would in that case 
be the practical good of such a paper standard ? 

What has been done in Norway since 1911 as regards 
the strength question in connection with freeboard is this. 
There is a complete standard, namely, that provided by the 
Norwegian Veritas for ordinary flush deck vessels with the 
minimum freeboard (Table A). Then there is an equally 
complete standard, namely, that provided by the Norwegian 
Veritas for ships with a complete superstructure, on the 
assumption that the freeboard is the normal prescribed for 
such vessels (Table C). If the freeboard is any other than 
one of these two, the required scantling numbers are obtained 
by direct interpolation according to the magnitude of the frec- 
board between the scantling numbers for the flush deck and 
for the superstructure vessels, and all the strength require- 
ments are thereby fixed as completely for all other vessels 
as for the vessels of the two standard types. The same prin- 
ciple should be applicable in connection with any other 
classification scantling basis, and if it is thought desirable it 
might be briefly stated in the freeboard rules that the 
scantlings ot ships should be dealt with in this manner оп 
the basis of each classification society’s current rules; then 
complete strength requirements would be ensured which would 
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always follow the development of shipbuilding practice, and 
the classification societies would have the full responsibility 
for the efficiency of the strength standard. 


Т desire to compliment Mr. Chisholm on the very clear and | 


thorough manner in which he has explained the present posi- 
tion of the freeboard question. 

Mr. JAMES TURNBULL (Associate Member): Members of the 
Institution interested in the subject of freeboard are indebted 
to Mr. Chisholm for his paper explaining the proposed load 
line rules. An examination of the paper does not reveal much 
which will lead to serious controversy. There are, however, 
some points to which it appears worth while drawing attention. 
I$ does not seem clear from a study of the last paragraph on 
page 234 what is meant Бу the portion regarding the method 
of arriving at freeboard for vessels intermediate in strength 
between the standard flush deck vessel and the complete 
superstructure vessel, and Mr. Chisholm in his reply to 
the discussion might add something to elucidate this point. 
In applying the proposed rules, a minimum freeboard is com- 
puted having regard only to geometrical properties; if the 
strength of the vessel is not equal to the standard for the 
draught permissible thereby, it 13 necessary to increase the 
freeboard until the maximum draught which is permitted by 
the weaker strength member, whether longitudinal or trans- 
verse, 1s reached. М 

А section of the proposed rules which deserves special 
mention is that dealing with the conditions to be complied 
with before freeboard assignment can be made. This section 
clearly defines requirements for items having a bearing on 
general seaworthiness, and in many cases these requirements 
are more severe than those which heretofore have been con- 
sidered sufficient. An instance of this is found in the first 
paragraph dealing with machinery casings, which makes it 
necessary to protect the opening in the sidés of these casings, 
where exposed on freeboard decks, by a companion house in 
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addition to the usual steel doors. By the present rules the 


companion house is not demanded, but usually a penalty is 
made which amounts to a few inches. In’ this case the 
proposed rules are obviously an improvement, as they 
stipulate proper protection as distinct from a penalty which 
does not necessarily materially affect seaworthiness. There 
are many other points of a similar nature in the subsequent 
paragraphs of the section mentioned, and I think Mr. Chisholm 
could add greatly to the value of his paper by dealing with 
this important side of the subject in his reply. 

Mr. Снизногм: Mr. Nicol comments on the conflict, which 
appears to exist between the statement made by the Load 
Line Committee in their report, that the freeboards provided 
by the revised tables of 1906 had not resulted in any measur- 
able reduction of the standard of safety and seaworthiness of 
ships, and the fact that under the proposed rules and tables 
greater freeboards, on the whole, are required than those 
demanded by the present tables. In framing the proposed 
tables and regulations the Load Line Committee have not 
appreciably altered the basic tables of freeboard, as may be 
seen by comparing the tabular freeboards given in the proposed 
tables with those in the existing tables. 

A higher standard of sheer is now required, and by reason 
of this and of the changes which have been introduced in 
applying the various corrections for sheer, length, round of 
beam, and deck erections, the application of the proposed rules 
to vessels which do not fully comply with the higher standards 
as regards sheer and the means adopted for closing the deck 
erections will in general be found to result in greater freeboards, 
but, where the higher standards demanded are complied with, 
the freeboards required by the proposed tables are in many 
cases actually less than those presently required. Figs. 1, 2, 
and 3 show that, where in a vessel 350 feet in length the deck 
erections are closed by Class 1 appliances, the freeboards 
required by the proposed rules, indicated by curve B, are 


272 THE APPLICATION OF THE NEW FREEBOARD REGULATIONS 
Mr. Alexander Chisholm, B.Sc. 
uniformly less than those required by the present rules, as 


indicated by curve A. The sheer assumed, which is 50 per 
cent. in excess of the present rule standard, is practically 
equivalent to the sheer standard of the proposed tables for 
vessels of the poop, bridge, and forecastle type. Again in the 
case of the complete superstructure vessel, although the curves 
given in Figs. 4, 5, and 6 show that the proposed tables 
require slightly greater freeboards than those necessary under 
the present tables, a modification could be made to the free- 
board curve corresponding to the proposed rules, on account 
of the standard of strength for the standard complete super- 
structure vessel being somewhat less than that demanded by 
the existing rules for vessels of this type. With this allowance, 
it may be said that the freeboards of the proposed rules for 
the complete superstructure type are not less favourable than 
those required by the present rules. 

For flush deek vessels the ease is somewhat different, as 
under the proposed rules no allowance is obtainable for sheer 
even when the sheer provided is equal to the standard of the 
proposed rules, whereas under the present rules such vessels 
would in all eases obtain a substantial allowance in freeboard 
on account of excess sheer. It should be noted, however, that 
the difference in the freeboards of flush deck vessels under the 
present and proposed tables is practically all due to the differ- 
ence in the method of applying the sheer correction, and is 
not due to differences in the tabular freeboards. 

It is gratifying to note in one who is so severely critical of 
Government regulations in regard to shipbuilding matters as 
Mr. Blair would appear to be that, in the matter of the pro- 
posed new freeboard regulations he has on many points been 
favourably impressed. Mr. Blair refers to several points where 


simplification has been effected in the proposed rules. In this | 


respect the work of the Load Line Committee has a real con- 
struetive value, and the new rules are a distinet improvement 
on those presently in force. 


= end Q^ АР 
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In regard to the shcer standard which it is proposed to apply 


to flush deck vessels, this standard is undoubtedly high, and 
is especially so for small vessels. There are, however, very 
few small vessels for which it would be obligatory to provide 
a sheer line complying with the full requirements of the pro- 
posed standard. In most cases the excessive slope of the deck 
to which Mr. Blair. directs attention could be avoided by 
fitting a short forecastle, when the lower sheer standard pro- 
vided in the rules could be adopted. In trawlers the excessive 
sheer of the deck forward is a characteristic of the design of 
these vessels, and cannot in any way be attributed to the 
requirements of freeboard rules. The Merchant Shipping Act 
specifically exempts trawlers and fishing vessels from com- 
-pliance with the requirements of the Act, and these vessels do 
not require to have freeboards marked, nor do they in service 
load to draughts corresponding with the freeboards which 
would be arrived at by the application of the freeboard rules 
and tables. In trawlers the character of the sheer line forward 
has been determined by the necessity of providing a relatively 
high and dry platform abreast the fish hold, for handling the 
catch when it is brought on board. As these vessels are 
always designed to trim by the stern to keep the propeller 
immersed, and also in order to provide a low and steady plat- 
form so that the trawl net may be towed with the minimum 
movement in the vertical direction at the warping ends to 
ensure of its being carried evenly along the bottom, there is 
relatively much less freeboard at the stern than forward. The 
excess of buoyancy forward, due to the sharp rise of the sheer 
line, serves to compensate for the reduced buoyancy aft. The 
same result is obtained by adding a forecastle, and avoids the 
excessive slope of the forward deck, accentuated at all times 
by the trim by stern. With the forecastle fitted, these vessels 
are relatively safer and more seaworthy. 

In regard to the freeboard of vessels fitted with deck 


erections, by requiring increased freeboards in practically all 
20 
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сазез where the deck erections are closed by Class 2 
appliances in order to obtain exemption of the deck spaces 
from tonnage measurement, the application of the proposed 
new regulations raises a number of difficult questions affecting 
earning power and cost of operation which are of vital interest 
to the shipowner. In the recommendations which have been 
made by the International Committee, appointed by the 
Chamber of Shipping, these questions have been sympatheti- 
eally dealt with, and modifications to the rules suggested 
which, if given effect to by the Board of Trade, would remove 
the objections which have been raised to the rules as drafted. 

In stating a case for the officers and men who operate ships, 
and in emphasising the point that their safety and comfort is 
one of primary importance, Mr. Blair has touched on a matter 
in regard to which greater freedom to legislate can only be 
obtained by revising many of the requirements of the present 
tonnage laws. The present tonnage rules deal with the ques- 
tion of measurement too much from a narrow legal standpoint, 
with the result that in their operation they oftentimes fail 
to secure the best results from the point of view of safety and 
safe loading. 1 fully agree with the opinion expressed by Mr. 
Blair that, a revision of the tonnage rules would be of immense 
assistance to the naval architect in producing more seaworthy 
and more comfortable ships. 

With regard to the remarks of Dr. Bruhn, I may point 
out that my paper was an attempt to explain the working of 
the proposed freeboard regulations, with a view to rendering 
assistance in their application to those entrusted with work of 
that nature. Dr. Bruhn’s remarks raise questions of general 
policy and procedure which are still sub judice, and which 
still have to receive international sanction. In these cireum- 
stances, I am of the opinion that it would not be advisable to 
prejudge any of these important issues by discussion at this 
stage. 

In reply to Mr. Turnbull, I would like to state that, in the 
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last paragraph on page 234 where the method of arriving at 
the freeboard of vessels intermediate in strength between the 
standard flush deck vessel and the standard complete super- 
structure vessel is referred to, the intention was to indicate 
in brief outline the general basis of the method which the 
proposed rules provide for dealing with the freeboard of vessels 
of this type, rather than to describe the method of calculation 
in detail. 

For an actual case, the following steps would be taken in 
arriving at the appropriate freeboard. From the dimensions 
and particulars of the vessel, the freeboard would first be cal- 
culated from the tables. This freeboard is the minimum 
applicable to the vessel, on the assumption that the strength 
longitudinally and transversely is equal to that specified in the 
rules for a standard full-scantling ship. As the vessel is not 
equal to this standard, but is presumed to be intermediate in 
strength between the full scantling and the complete super- 
structure types, it is obvious that the actual freeboard which 
should be given will be greater than the minimum. The longi- 
tudinal modulus of resistance of the vessel is calculated clear of 
the deck openings, and also in way of the deck openings by the 
method detailed in the section of the rules relating to standard 
strength. This section is reproduced in the Appendix. From 
the formula on page 254 the value of d, the maximum moulded 
draught appropriate to the longitudinal strength, is then 
found, and this value substituted in the transverse strength 
formula on page 256 to obtain the modulus of the side framing 
necessary for the draught d. A comparison of the modulus 
of resistance of the actual framing as fitted in the vessel is 
made with the calculated value, and, if it is equal to, or 
exceeds, the calculated.value, the freeboard corresponding to 
the draught d would be assigned to the vessel, otherwise the 
draught 4 must be reduced and the freeboard correspondingly 
increased until these moduli agree. The freeboard of a vesscl 
of this type is accordingly dependent on strength and 


276 THE APPLICATION OF THE NEW FREEBOARD REGULATIONS 
Мт. Alexander Chisholm, B.Sc. 


scantlings, and is limited by either the transverse or longi- 
tudinal strength in the manner just explained. 

The other point referred to by Mr. Turnbull, which deals 
with the requirements contained in the section of the rules 
specifying the conditions governing the assignment of free- 
board to vessels, is one of considerable interest, as the policy 
of the proposed regulations in regard to strength and security 
of hatchways, ventilators, machinery casings, companion ways, 
апа other details of construction at the weather deck, has been 
developed along better and more clearly defined lines than 
those followed in the present rules. Definite standards of 
strength and security are stipulated for, and less strong and less 
secure arrangements are not permitted as under the present 
rules, if an addition is made to the tabular freeboards. This 
policy is a prudent one, as it substantially reduces the risk 
of casualty. The regulations provided in the proposed rules 
will also contribute towards standardising the general practice 
of classification societies’ rules in respect to construction 
details for the items covered by this section of the freeboard 
rules. 


RADIO TELEPHONY. 
By Prof. а. W. О. Howe, D.Sc. 


21th February, 1983. 


THE name Radio Telephony is applied to the transmission of 
speech or music from one place to another by means of electro- 
magnetic waves unguided by wires. Ordinary line telephony 
is also carried out by electromagnetic waves, but of a very 
different magnitude, and guided to their destination by means 
of overhead wires or underground cables. 

To appreciate the problems involved, it is necessary to 
understand the nature of speech. When a note is sung to the 
sound ‘‘ah,’’ the mouth and vocal organs are first formed 
into a cavity of a certain size and shape, and a stream of air 
through them is then maintained. Oscillations are set up, and 
the air does not leave the mouth in a steady stream but as a 
rapidly pulsating stream. The character of the pulsations 
determines the loudness of the note, its pitch, and the special 
vowel sound. By a wonderful series of changes, the shape 
of the mouth cavity can be modified so that the sound emitted 
has the same loudness and pitch, but changes successively 
through ah, a, е, i, о, and оо. Or again the same vowel sound 
can be kept, and the pitch merely altered by singing up and 
down the scale. These changes all depend upon changes in 
the character of the sound waves emitted. 

The difference between ‘‘bah’’ and “раһ” is merely a 
slight change in the character of the explosion with which the 
sustained ‘‘ ah ’’ is introduced. It is interesting to make the 
mouth ready to say ‘Баһ’ and then to notice how the tip 
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of the tongue and the facial muscles make an involuntary 
movement as we change or mind and decide to say either 
“раһ "' or “шаһ.” 

By means of a beam of light reflected from a mirror arranged 
to be tilted by the movements of a telephone diaphragm, the 
character of the different sounds can be studied. The results 
of such experiments are shown in Fig. 1,* which gives a photo- 


graphic reproduction of the characteristic oscillations of various 


Fig. 1. ы 


vowel sounds. Such complex curves can be analysed into а 
number of simple oscillations of various magnitudes and 
frequencies, and by setting up a number of suitably adjusted 
organ pipes and sounding them simultaneously it is possible 
to produce any given vowel sound. | 

The marvel of the production by the voice of the sound waves 
constituting speech is equalled by that of the interpretation 


* The photographs in Fig. 1 were obtained in this way by Prof. J. A. 
Fleming, F.R.S., and are reproduced here with his permission. 
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by the ear, for careful research has shown that speech can be 
varied from 100 times normal loudness down to a millionth of 
normal loudness without rendering it unintelligible; the 
numbers given refer to the energy in the sound waves. The 
frequencies involved in speech range from 100 to 5,000 cycles 
or complete oscillations per second. Most of the energy of 
speech is carried by waves below 1,000 frequency, but the 
characteristics essential to its interpretation mainly by fre- 
quencies above 1,000. Elimination of everything slower than 
500 cycles per second removes 60 per cent. of the energy, but 
only reduces the articulation by 2 per cent. On the other 
hand, elimination of everything above 1,500 cycles per second 
removes only 10 per cent. of the speech cnergy, but reduces 
the articulation by 35 per cent. Fifty per cent. of the errors 
in telephony are due to the three sounds, ‘‘th,’’ “f,” and 
' v," which are produced principally by waves of very high 
frequency. 

In music the lowest note employed has a frequency of about 
30, and the highest a frequency of about 4,000, but it must 
be remembered that the characteristic differences between the 
latter note when played on different instruments are due 
entirely to the wave shape, that is, to the presence of oscilla- 
tions of frequencies much higher than 4,000. 

The problem of radio telephony is then to transmit all these 
complexities by means of electromagnetic waves, and then to 
retransform them into sound waves at the receiving station 
without distorting them in any way. Before considering how 
this is done in radio telegraphy, it will be advisable to consider 
the much simpler case of ordinary line telephony. Fig. 2 (a) 
represcnts diagrammatically the simple elements of such a 
system; the battery B maintains a steady current along the 
line to the distant subscriber through his receiver R, and back 
along the other line to the battery. Although the returning 
current is equal to the outgoing current, the latter is at a 
higher pressure or potential than the former, and there is thus 
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а continuous tlow of energy from the battery to the distant 
station, this energy being represented en route by the electric 
and magnetic fields in the space around and between the two 
wires. So long as the current is steady the pull on the iron 
diaphragm of the receiver will be constant, and the diaphragm 
will remain at rest. At the transmitting end the current 
passes through the microphone M, consisting of two carbon 


CURRENT 
چ‎ 
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( 6) (с) TIME —» 


(d) 


Fig. 2. 


‘plates, one fixed and the other attached to the diaphragm on 
which the sound waves impinge. Between these carbon plates 
is а quantity of carbon granules. If now the diaphragm is 
caused to vibrate the pressure between the granules will vary, 
and thus produce variations in the electrical resistance which 
the microphone offers to the passage of the current, which 
will, therefore, vary in strength and cause the magnet of the 
receiver to exert a variable attraction on its diaphragm. This 
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diaphragm will consequently be caused to move backwards and 
forwards more or less in agreement with the movements of 
the diaphragm of the transmitter. There is a continuous flow 
of energy along the line, and the sound waves impinging on 
the transmitter cause fluctuations in this flow of energy. 

Perfect reproduction of the original voice would necessitate 
that the diaphragm at each end, and every other link in the 
chain, including many which I have not mentioned, should 
follow with equal truthfulness every vibration of the air, 
whether at a frequency of 100, 1,000, or 10,000 oscillations 
per second. The ordinary telephone falls far short of this 
ideal, and leaves much to the ear and to the imagination of 
the listener. Fig. 2 (b) represents the variations of the line 
current for a pure note, whilst Fig. 2 (c) represents a more 
complex note of the same pitch, the dotted line giving the 
steady current. 

In radio telephony the method is very similar. Energy is 
emitted from the transmitting aerial in all directions; when 
no speech is taking place, this emission is uniform so far as 
one can detect by means of the telephone. As a matter of 
fact, the emission is intermittent, but the pulses of energy 
follow each other at the rate of about two million per second 
in the case of the British Broadcasting Stations, and even if 
the telephone diaphragm could vibrate at this rate, which, of 
course, it cannot, the ear could not detect it. For example, 
if in Fig. 2 (a) an interrupter were inserted which broke the 
circuit 40,000 times per second, as shown in Fig. 2 (d) this 
would not be detected, and communication could be carried on 
as before; but if the interruption had a frequency, say, of 500 
per second, this would cause a loud note in the receiver and 
make speech transmission impossible. Hence any intor- 
mitteney in the radiation of energy must be at a frequency 
‘above the audible limit. In radio telephony the erergy is 
radiated in the form of electromagnetic waves by erecting a 
vertical wire and producing in it an alternating electric current 
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of very high frequency, namely, about 1,000,000 cycles or 
complete oscillations per second. At the top of the vertical 
wire, other wires are spread out horizontally to act as a capa- 
city or reservoir, into and from which the current which runs 
up and down the vertical wire can flow. An electric current 
is really a movement of electrons or minute negative charges 
among the atoms which constitute the conductor; these charges 
are very small, but there is an enormous number of them. 
When a current of one ampere flows in a wire, the number of 
electrons passing any point in the wire in one second is 
6,450,000,000,000,000,000. The rapid starting and stopping of 
the electrons in the vertical wire causes pulses of electric force 
to be radiated out from the wire, and these pulses or waves, 
travelling over the earth’s surface with the velocity of light 
(186,000 miles per second), set up electric currents in any 
vertical wire they may encounter. 

There are several ways of producing the high frequency 
current in the transmitting aerial:— 


1. Ву means of alternators similar in principle to those in 
the power station at Dalmarnock, but with so many poles and 
running at such a speed that the frequency is not 25, as at 
Dalmarnock, but 25,000 cycles per second. Higher frequencies 
such as those employed in broadcasting cannot be produced in 
this way. | 

2. Similar to (1), except that the frequency supplied by the 
alternator is doubled or quadrupled by means of special 
transformers. 


3. By means of the electric arc. If an clectric are is sup- 
plied with direct current from the dynamo D, Fig. 8, through 
the regulating resistance R and the choking coil CH, and if a 
condenser C and an inductance L are connected in series across 
the are terminals, then under certain conditions Duddell found 
that an alternating current is maintained in the circuit con- 
sisting of the arc, the condenser C, and the inductance L. If 
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the frequency is in the audible range, the arc emits a musical 
note due to the rapid fluctuations of the current through it, 
causing corresponding changes in the size of the column of 
vapour. Attempts to produce very high frequencies by 
reducing the values of C and L are not successful with an 
ordinary аге, but Poulsen found that this difficulty was over- 
come by replacing the positive carbon by a water-cooled copper 
electrode, by burning the arc in a chamber containing hydrogen 
or coal gas, and by causing the arc to burn ?п a strong magnetic 
field. With these modifications the are can be made to 


Fig. 3. 


generate currents of very high frequencies, and most of the 
early experimenters in radio telephony employed an are to pro- 
duce the necessary current in the aerial. The aerial may 
either replace the condenser C in the oscillatory circuit, or, 
as shown in Fig. 8, a coil inserted between the aerial and earth 
may be coupled to the coil L; the alternating current in L will 
then induce currents of the same frequency in the aerial. 


4. For radio telephony, all these methods have now 
been almost entirely replaced by the thermionic valve. 
The valve consists of a bulb of glass or quartz contain- 
ing a heated filament of tungsten very similar to that 
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of the ordinary lamp, and at a little distance from the 
filament a cold metal plate, usually arranged as a cylinder 
around the filament. When a battery is connected 
between the filament and the plate so as to make the plate 
positive, a current of electricity passes through the valve 
owing to the ability of the electrons to leave a conductor if 
raised to a sufficient temperature. The current through the 
valve consists, therefore, of a stream of electrons emitted by 
the filament and drawn across to the plate by the electric field 
caused by the positive potential applied to the plate. Between 
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the filament and the plate is placed a grid or spiral of fine 
wire, through the meshes of which the electrons pass on their 
way to the plate. If now this grid is made negative with 
respect to the filament, it will repel the electrons and drive 
them back into the filament, and thus decrease or even com- 
pletely stop the current. The grid is thus like a tap, which 
‘can be made to stop the current or allow it to pass to any 
desired extent. Fig. 4 shows the relation between the current 
passing through such a valve and the potential difference 
between the filament and the grid. If now an alternating 
potential be applied to the grid, an alternating current will be 
produced in the plate circuit, superimposed upon the steady 
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current, which would flow normally if the grid potential were 
kept constant. By inserting a tuned oscillatory circuit in the 
plate circuit, as shown in Fig. 5, a very large current can be 
set up in it by a relatively small alternating voltage applied 
to the grid. Ву tuning the oscillatory circuit is meant the 
adjustment of the inductance and capacity until the resonant 
frequency of the circuit corresponds to the frequency of the 
potential applied to the grid. By making the current in this 
oscillatory circuit induce the necessary potential difference 


Fig. 5. 


between the filament and the grid, as shown in Fig. 6, the 
system can be made self-oscillatory, the frequency being that 
of the tuned circuit. By bringing a coil connected between 
the aerial and earth near the coil of the oscillatory circuit, a 
current is set up in the aerial, especially if it be tuned to the 
same frequency. The system will then be as shown in Fig. 6. 

For the large powers required in long-distance work, a large 
number of valves are used in parallel. To produce more than 
two or three kilowatts in a single valve, glass cannot be vsed 
on account of the heat developed, and bulbs of quartz or fused 
silica are employed; recently, however, successful valves have 
been made for powers up to 20 kilowatts using a water-cooled 


286 RADIO TELEPHONY 


copper cylindrical vessel with a glass extension for bringing in 
the connecting wires. 

We turn now to the problem of modulating the energy radiated 
from the transmitting aerial, that is, impressing upon it the 
-speech which it is desired to transmit. This can be done in 
many ways, but to understand the principle we may consider 
the method shown in Fig. 3. The microphone is inserted in 
the aerial, and so long as the resistance of the microphone is 


unchanged, the current produced in the aerial by the oscillatory 
are current will be of constant amplitude, as shown in Fig. 
7 (a), but if the microphone be spoken into its resistance will 
vary, the amplitude of the current in the aerial will be varied 
accordingly, and with it the amplitude of the electromagnetic 
waves radiated from it. When these waves are of constant 
amplitude, they will produce a high frequency current of 
constant amplitude in any receiving aerial, but when the micro- 
phone is spoken into and the amplitude of the waves varied, 
the amplitude of the current sct up in the receiving aerial and 
its associated circuits will vary in a corresponding manner. 
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This is shown in Fig. 7 (b), on the assumption that the varia- 
tion is of the simplest character, such as would be produced 
by a pure musical note of one definite frequency with 
no harmonics. 

I will now describe another method of modulation, known 
as '" choke control," which is often employed when using 
thermionie valve oscillators, and which is very similar to the 
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method employed at the Broadcast Station in Glasgow. In 
Fig. 8, the aerial is shown on the right with a coil connected 
between it and the earth. This coil and the capacity of the 
aerial constitute the oscillatory circuit, which, in this case, is 
not connected directly in the plate circuit of the valve, but 
is coupled to it by means of the upper of the two coils. The 
lower of the two coils is the grid coupling coil. The right- 
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hand valve is the power valve, the left-hand one the 
modulating valve. The grid of the latter is connected through 
the secondary winding of a transformer, the primary of which 
is in series with the microphone and a battery. The large 
battery between the two valves supplies the plate current for 
both of them, but through a choking coil of very high induct- 
ance which prevents any rapid variations of the battery 
current. When the microphone is spoken into апа its 
resistance varied, electromotive forces are induced in the 
secondary winding of the transformer which are impressed 


Fig. 8. 


upon the grid of the modulating valve, causing its potential 
to vary. Every variation in the grid potential causes a varia- 
tion in the current through the plate circuit of the modulating 
valve, and since the total battery current is kept constant by 
the choking coil, the current through one valve can only 
increase at the expense of that through the other valve. 
Speaking into the microphone thus varies the current sup- 
plied to the power valve, and thereby varics the current set 
up by it in the aerial and the amplitude of the radiated waves. 

Turning now to the receiving station, we have to consider 
how the variations in the amplitude of the received current are 
retransformed into sound waves. The simplest method is 
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as follows:—The currents shown in Fig. 7 (b) will have no 
effect on a telephone diaphragm because of their high 
frequency, but if in scries with the telephone a rectifier is 
inserted, that is, a device which only allows the current to 
pass through it in one direction, the current through the tele- 
phone receiver will be as shown in Fig. 7 (c). The diaphragm 
is now subjected to a number of impulses all in the same 
direction, and it will move backwards and forwards in accord- 
ance with the dotted curve and impart to the air a vibration 
of the same frequency and character as that which caused the 
variations at the transmitting station. The simplest rectifying 
device is a contact between a piece of steel and a crystal of 
carborundum, or any other of the numerous combinations 
which have this peculiar property, and which go by the name 
of crystal detectors. In most cases the rectification is imper- 
fect, that is to say, the current passes to some extent in both 
directions, but much more readily in one direction than the 
other. 

. The thermionic valve can also be used as a detector; one 
way of doing this is shown in Fig. 9, which also illustrates 
other points of interest. The aerial circuit is tuned to the 
incoming waves by means of the variable inductance; the 
aerial current induces a current in the coupled circuit, which 
is tuned to the same frequency by means of the variable con- 
denser. The high frequency currents will produce a high 
frequency variation of the grid potential, the steady value of 
which is adjusted by means of a battery and resistance until 
the valve is operating near the point where the characteristic 
curve in Fig. 4 leaves the base line. A variation of the grid 
potential in one direction will cause an increase of the plate 
current, whilst an equal variation in the other direction will 
cause a much smaller decrease of the plate current, the result 
of an alternating grid potential being, therefore, an increase 
in the average value of the plate current. ‘ This current may 
either pass through the telephone receiver or through the 

21 
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primary winding of a transformer, the telephone receiver 
being connected across the secondary, as shown in Fig. 9. 
Thermionie valves may also be used as amplifiers by 
adjusting the potential of the grid, so that the oscillations take 
place on the straight part of the characteristic curve. The 
variations in the plate current will then be truthful reproduc- 
tions of the variations of the grid voltage, and may be made 
to cause amplified variations of the grid voltage of a second 


Fig. 9. 


valve, the plate eurrent of which controls the grid voltage of 
a third valve, and so on. This can be done either with the 
high frequency current before it is rectified by the detector, 
or with the audible frequency output of the detector before it 
actuates the telephone recciver or loud speaker. 

In conclusion, I should like to draw attention to the great 
number of transformations, mechanieal, electric, and magnetic, 
interposed between the speaker at the studio of the Broad- 
casting Company and the listener with his detector and high 
and low frequency amplifiers; in spite of all these various 
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stages, the results obtained with properly designed and 
properly adjusted apparatus leave very little to be desired. 
Every effort is now being made by the research staffs of the 
leading firms to remove what slight defects still remain, and 
there is no doubt that, so far as the transmission is concerned, 
their efforts will be successful. I would warn anyone against 
judging the quality of the broadcasting from the sounds some- 
times emitted by badly adjusted loud speakers, which 
eliminate all the higher harmonics on which the articulation 
and character depend, and merely reproduce on an exaggerated 
scale the lower frequencies. 


THE BEARDMORE-TOSI DIESEL ENGINE: RESULTS 
OF TEST BED AND SEA TRIALS. 


By Вовевт Love, 


Member of the Institution. 


13th March, 1923. 


DURING the last few years the Diesel engine has become the 
most important competitor of the reciprocating steam-engine 
and the geared turbine, as the propelling unit for the average 
merchant vessel. The large number of marine engineering 
firms who are now constructing or contemplating building one 
or other of the various types of marine internal-combustion 
engine promises an important future for this prime mover. 
The firm with which I am associated has adopted the four- 
cycle Beardmore-Tosi engine, and in the following pages the 
results obtained on trial and in service at sea with this type 
of engine will be detailed and discussed. 

The engines on which the tests were carried out are installed 
in the single-screw vessels, “ Pinzon” and ''Pizarro," the 
leading particulars being given in Table I, page 319. 

The main engine, Fig. 1, is of the four-cycle single-acting 
crosshead type, and the general design of bedplate, columns, 
cylinders, and running gear follows the usual marine steam 
practice. Provision has been made to allow of ready access to | 
all working parts, so as to facilitate periodic examination. 
Forced lubrication is arranged to all bearings, oil being sup- 
plied by independent motor-driven pumps. 

There are a number of special features in this type of engine, 
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of which a few may be described. The first is the combined 
inlet and exhaust arrangement with director valve. 

Figs. 2 to 6 inclusive show the arrangement which com- 
prises two valves in the cylinder head, as is normal with four- 
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Fig- 3. 


cycle engines. Two valves instead of one, which would be a 
possible arrangement with the Beardmore-Tosi system, are 
adopted, in order to obtain perfect symmetry of design of the 
cylinder head. Instead of one of these two valves being used 
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exclusively to admit the air to support combustion, and the 
other to discharge the hot products of combustion from the 


cylinder into the exhaust pipe, both serve for exhaust and both 
for inlet. 


Socrod. 


ExHAusT STROKE, 


` PISTON ASCENDING. 


Fig. 4. 


SUCTION STROKE, 


Piston DESCENDING. 


Fig. 5. 


First Stroke. The first stroke is the main piston power 
stroke, at the end of which, 1.6., near the bottom dead centre. 
both valves open. 

Second Stroke. On the subsequent up or exhaust stroke the 
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exhaust gases are forced out by the main piston through these 
two valves and past the director valve into the exhaust pipe. 

Third Stroke. At the top centre the director or flap valve 
is moved over by an eccentric driven from the cam-shaft, and 
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Fig. 6.—Diagrams showing .Operations of Combined Exhaust and 
Suction Valve with Director Valve. 


the two valves remaining open are thus put into communica- 
tion with the air inlet pipe. On the next down stroke the main 
piston draws air in over these two valves. At the end of this 
stroke, i.e., near the bottom dead centre, both valves close. 
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Fourth Stroke. The next stroke is the compression stroke 
preparatory to the injection, ignition, and combustion of the 
fuel on the power stroke, i.e., the first stroke mentioned above. 
The director or flap valve does not require any reversal of 
motion for astern running and is entirely free, there being no 
metallic contact such as bearing surfaces either at the bottom 
or sides of the flap valve. It is, furthermore, carried in easily 
lubricated ball-bearings. Since two valves serve for inlet and 
exhaust alternately, it is obvious that each valve can be made 
half the area of that required in the usual four-cycle 
arrangement. 


The advantages derived from the arrangement are:— 


21. The uncooled and unsupported portion of the cylinder 
head is reduced to & minimum. 

2. A comparatively low cylinder-head temperature is there- 
fore obtained, and this, together with the symmetrical 
arrangement of valves, tend towards low heat stresses in 
this part. 

8. The valves being smaller, on this account run at a 
moderate temperature. The diameter of, the valves for a 
cylinder 24$ inches in diameter need only be 6 inches, whereas 
valves about 9 inches in diameter are required with the usual 
inlet and exhaust valve arrangement. 

4. The director valve system furthermore ensures that in 
each cycle the valves are swept by the cool incoming air, so 
nullifying to a certain extent the heating effect of the exhaust 
gases on these parts. The valves, therefore, operate under 
favourable temperature conditions, and any carbon which may 
lodge on the valve seat or face during the exhaust stroke is 
swept off by the induction air which passes into the cylinder 
over the valves immediately thereafter. 


On account of these factors, the regrinding of the valves 
need only be undertaken at long intervals. The duty to which 
the exhaust valve is subjected is much less onerous than has 
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` hitherto been the case. Again, the small valves and the 
extremely slow motion go far to make possible the remarkably 
silent valve operation of this engine. Not only is the cylinder 
head cooler as a whole, but it is not subjected to the usual 
unequal stressing present where one side is kept cool by the 
incoming air and the other is heated by the hot outgoing 
exhaust, conditions tending to cause distortion. 

In Fig. 7 light spring diagrams are shown which indicate 
the free exhaust and induction possible with this type of valve 
gear. These diagrams also show the alteration to the shape 
of the exhaust line in the diagram when a silencer is fitted. 
It will be observed that the maximum back-pressure on the 
exhaust stroke is 2:5 lbs. per square inch without the silencer, 
and 2'1 lbs. per square inch with it. Тһе back-pressure with 
the silencer fitted is slightly lower than that with free exhaust. 
This was thought to be a fault due to the indicator, but on 
examining a large number of diagrams they were found to 
have the same feature. The low back-pressure shown on the 
cards is due to the free exhaust made possible with the director 
valve type of gear and to a special design of silencer. In the 
early part of the suction stroke, the pressure in the cylinder 
drops to approximately 2`4 lbs. per square inch below 
atmospheric pressure, but gradually increases until at the end 
of the stroke the cylinder is filled with air at atmospheric 
pressure. ‘These conditions, made possible by the adoption of 
the director valve, ensure a high volumetric efficiency on the 
suction stroke. 

Fig. 8 shows the arrangement of the cylinder fuel-injection 
valve, which has been designed to eliminate the following 
troubles often met with in the packed-gland type of valve : — 

1. Possibility of the valve spindle being hung up due to a 
too tightly packed gland; and consequently heavy charges of 
fuel passing into the cylinder. 

2. Scoring of the spindle due to the pressure of the stuffing- 
box packing, resulting in the loss of fuel at the gland. 
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8. Explosion inside the valve chamber due to the valve 


being hung up. 
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4. Burning of the valve, as often happens when a tightly 
packed gland causes the spindle to hang up, or to be sluggish 


in action. 
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The valve is of the needle type, and is totally enclosed. 
The needle valve itself is operated through an internal lever 
pivoted on a fulcrum. This internal lever serves to reverse 
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Fig. 8.—Beardmore-Tosi Fuel-Injection Valve. 
the direction of motion given by the vertical operating spindle, 


and to give an upward opening valve. The operating spindle 


is a small ground plunger, the bottom of which has a ground 
conical seat which acts as a valve. 
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During the fuel-injection period, the main valve lever, 
operated by the cam on the cam-shaft of the engine, depresses 
the operating spindle, and the valve face on its lower end is 
momentarily raised off its seat. Any leakage of oil during 
this period—which is only for some 40 degrees out of the 720 
degrees of the cycle—is impossible, owing to the remoteness 
of the spindle from the fuel in the valve. It has also 
been found in operation that no air whatever leaks during this 
period, the ground plunger, which is supplied with sealing 
grooves, being quite effective in preventing this. The internal 
pressure of air inside the valve keeps the operating spindle 
on its seat during the period in which the injection valve is 
closed, so that there is no loss of blast air. 

The fuel-valve spindle is squared at its upper end, and pro- 
vision is made to permit of grinding the valve in place without 
dismantling any of the valve gear. The valve cage is held in 
position by studs, and can be withdrawn complete from its 
housing in the cylinder head without dismantling any part of 
the valve gear other than disconnecting the fuel and blast air 
piping. А small priming valve for the fuel is screwed into 
the top of the body casting containing a small non-return 
valve, which prevents the blast air from gaining access to the 
fuel piping, and so causing air locking. 

A particular advantage of this type of valve over the usual 
gland type is the certainty of getting an equal division of power 
between the cylinders of the engine, provided the fuel pumps 
have all been set to give an equal discharge of oil to each 
cylinder. As there is no loss of fuel at the gland, each cylinder 
receives its charge of oil as measured out by the fuel pump; 
and the chief engineer has the satisfaction of knowing that 
cach cylinder is doing its correct share of the work. That 
this is borne out in practice will be clearly scen from examina- 
tion of the trial results given in the paper. 

Fig. 9 shows an ordinary and a displaced indicator diagram 
taken from the same cylinder under three-quarter power 
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conditions. The latter diagram clearly shows the variation in 

pressure during the period the fuel-injection valve is open. 
A fuel pump is provided for each cylinder, the six pumps 

being grouped in a single unit at the control platform. The 
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pumps are of the horizontal ram type, driven from the vertical 
shaft, and operate at crank-shaft speed. Each pump, there- 
fore, gives two discharges per firing stroke of the engine, and 
consequently the pumps are much smaller than cam-shaft 
driven pumps for the same output. 

Double discharge valves and a single suction valve are fitted 
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to each pump, the suction valve being arranged for hand and 
governor control. Special gear is provided acting independently 
оп the suction valves of the pumps, so that the pumps are 
'* eut out’’ and “cut in" in groups of three during the period 
of starting and manceuvring, as indicated in Fig. 10. No out- 
side adjusting gear for the suction-valve tappets is provided 
on these pumps, it being necessary to remove the suction 
valves before any alteration to output for a given fuel lever 
position can be made. 

It has been found that, by giving special attention to the 
initial setting of the fuel pumps during the erection and trial 
of the engine, no difficulty is experienced in obtaining con- 
tinuously in service an equal division of work between the 
cylinders. When a readily accessible adjustment is provided, 
there is always the possibility of the attendant being tempted 
to use this fitting to overcome loss of power due to defective 
pump-plunger packing or leaky suction valves, instead of 
repacking the plungers or regrinding the valves. 

Spiral ribs are east cireumferentially on the outer surface of 
the cylinder liner in way of the combustion chamber to ensure 
a high velocity of the cooling water at this part, thereby 
securing even cooling of the liner where it is subjected to the 
greatest temperature. The induction passage in each cylinder 
head is connected direct to a light sheet-steel manifold which 
runs the whole length of the engine, and which is placed 
immediately above the exhaust pipe. At each end of this 
manifold a grid is fitted, and at its centre a pipe leading to 
the common chamber at the base of the cylinders. This 
chamber connects with the underside of all the pistons, and is 
totally enclosed except for louvres fitted in the base of the 
foremost and aftermost cylinders. This arrangement scavenges 
the space under the pistons, and should there be any '' blow "' 
past the piston rings the escaping gases do not vitiate the 
atmosphere in the engine-room, but are drawn up into the 
induction manifold. 
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The space under the pistons is separated from the crank 
chamber below by light cast-iron diaphragm plates in which 
glands are fitted for the passage of the piston rods, and the 
telescopic tubes of the piston-cooling gear. No carbonised oil 
or water leakage can, therefore, find its way into the crank 
chamber. Fresh-water piston-cooling gear of the telescopic 
fixed-jet type is fitted, the gear being arranged so that the 
water passing through the pistons and that spilled at the jet 
can be separately observed. At the base of each cylinder 
inspection doors are fitted for access to the glands of the 
telescopic tubes for the piston-cooling gear, etc. А diagram- 
matic arrangement of the manceuvring gear is shown in Fig 10, 
the sequence of operations of this gear being as follows : — 


Starting. The hand lever A controlling the starter B of the 
electrie motor C which drives the fulerum shaft D through 
gearing Е and Е, to which the hand wheel С is clutched for 
hand starting at H, and the worm gearing J, effects the 
starting of the engine by causing one-half a revolution of the 
fulerum shaft D. The valve-operating levers К are eccentri- 
cally mounted on the fulcrum shaft D, the rotation of which 
causes their roller ends, for starting, to be depressed on to, 
or for stopping, raised from their respective cams, L for ahead 
and L, for astern. This lowering or raising of the roller ends 
of the valve levers K is carried out in such a sequence as to 
cause starting to take place in the following order :— 


Stop. All rollers clear of cams. 
a. Six cylinders on air. Six air-valve rollers ате 
depressed. 
b. Three cylinders on air; three cylinders on fuel. Three 
air-rollers are raised and three fuel-rollers depressed. 


Reversing. The hand lever a, through the medium of links 
and levers, causes fore and aft movement of the reversing 
shaft b, upon which forks c are mounted. Fore and aft move- 
ment of the shaft b pulls the rollers along their pins in the 
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wide fork end of the levers K, from opposite the ahead cams 
such as L, to opposite the astern cams such as L,, or vice 
versa. A dise d, with a gate, is keyed on to the fulerum shaft 
D, through which the detent e must pass before the rollers 
can be moved fore and aft for reversal. The gate in the disc d 
is only opposite the detent в when the valve gear is in the 
stop position, 1.е., all the rollers are clear of the cams. This 
is the only interlockment in the gear. 

A dial M with pointer indicates at the starting platform the 
position of the fulerum shaft. This dial is engraved as shown, 
and indicates the various operations as they -automatically 
occur during reversal. Simple gear is also provided which 
automatically cuts out the starting-air supply during normal 
running on fuel, and the blast-air supply when the engine is 
stopped. The fuel pumps are also automatically cut out 
between positions 5 and 2 on the dial. With this manceuvring 
gear the operator has only one valve to regulate as required, 
namely, the blast-air control valve. The starting-air control 
valve is continuously open during manceuvring. 

Fig. 11 shows continuous indicator diagrams taken over the 
period of one reversal. Examination of this record clearly 
demonstrates the action of the gear. It should be observed 
that during a reversal starting air may only be used in two 
or three cylinders, 1.6., starting air can only obtain access to 
the cylinders whose starting valves come into action during the 
time the manceuvring pointer is moving from position No. 1 
to between positions Nos. 2 and 8 on the mancuvring dial, the 
approximate time for this movement being from one to two 
seconds. 

Two three-stage air compressors of the trunk piston type 
were originally fitted at the forward end of the engine, and 
driven from the crank-shaft, but these were finally replaced 
by one threc-stage air compressor of the crosshead type placed 
in the same position. The original compressors were of the 
steeple type, and had common water and air joints between 
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the cylinders. This arrangement did not give entire satis- 
faction, there being a liability of sea-water obtaining access to 
the compressor cylinders and causing excessive wear of the 
rings and cylinders. In the single compressor, outside water 
connections have been fitted throughout with satisfactory 
results. The single compressor fitted is approximately 70 per 
cent. of the combined capacity of the original twin-compressors, 
and, as will be seen from Fig. 12, which gives particulars of 
manceuvres carried out with the M.S. '' Pinzon’’ entering dock 
at Liverpool, it is of ample capacity to sustain over one hour 
of continuous manceuvring without the use of the auxiliary 
air-compressor. 

In Fig. 12 it will be noticed that the blast pressure rises 
approximately 100 lbs. at every stop, this being due to the 
automatie control-valve shutting off the air supply to the fuel 
valves, thus obviating the possibility of air locking of the fuel, 
and at the same time retaining a suitable blast pressure for 
the next start. 

Figs. 18 to 18 show indicator cards taken from the cylinders 
of the two types of air compressors already referred to, when 
supplying blast air to the engine under normal full-power con- 
ditions. It will be seen that a saving of approximately 40 
compressor indicated horse-power has been obtained by 
adopting the single compressor. These cards also give details 
of the variation in pressure, power, and temperature of the air 
in each stage when a reduction in the quantity of air supplied 
is made by (1) throttling the L.P. suction, and (2) blowing off 
the surplus air at the г.р. discharge. From the results 
obtained it would appear that the throttling method is quite 
satisfactory. 

Manceuvring trials carried out on the engine using a starting- 
air receiver capacity of 140 cubic feet and an initial receiver 
pressure of 500 lbs. per square inch, gave 24 starts in six 
minutes, the final pressure in the receiver being 125 lbs. per 
square inch. The most economical starting-air pressure was 
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3-STAGE STEEPLE TYPE COMPRESSOR. 
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3-STAGE DIFFERENTIAL TYPE COMPRESSOR. 
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3- STAGE DIFFERENTIAL TYPE COMPRESSOR. 
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found to lie between 200 and 300 lbs. per square inch. The 
continuous indicator diagrams shown in Fig. 11 and already 
referred to were taken during this test. 

Exhaustive trials were carried out on the test bed and at 
sea, the principal results of which are given in Table II and 
typical indicator cards in Figs. 19 to 21. Trial No. 1 was of 100 
hours’ duration and under normal full-load conditions. During 
this trial the engine ran with remarkable regularity, no altera- 
tion being required to the fuel lever or mancuvring gear 
during the whole period. The equal division of power main- 
tained between the various cylinders is noticeable, and is made 
possible by the special type of fuel-injection valve and fuel 
pump fitted, to which reference has already been made. 

The consumption of fuel during this trial was '42 lb. per 
brake horse-power per hour. The fuel used was Mex Diesel oil 
supplied in 1921. То show the improvement made in this grade 
of oil since that date, the 1921 specification and that now in 
use are given : — 


1921, 1922, 
Specific gravity at 60 degrees Е. - 905 "880 
Flash (closed), degrees Е. - - 182 оуег 150 
Viscosity at 100 degrees F., Red- 
wood No. 1, seconds - - 96 50 
Calorifie value (gross), B.Th.U’s. - 19,100 19,300 


The lubricating oil consumption during the trial was 
equivalent to five gallons per day of 24 hours. The brand 
used was Messrs. J. & D. Hamilton’s heavy Diesel engine 
oil. After the completion of this trial the engine was opened 
up for examination, with the following results :— 


1. All the piston rings were free in their grooves, and there 
was no indication of carbonised oil or gumming. 

2. All liners were in good condition, with indications of 
having been slightly overlubricated. | 

3. ° Inlet and exhaust valves and director valves clean, 
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with valve seats in good condition. A thin coating of fine 
carbon was found on the exhaust passages and director valves. 
4. The shght deposit found on the diaphragm plates under 
the pistons was of a soft oily nature, and indicated slight over- 
lubrication of the cylinder liners and pistons. 
5. All bearings and running gear were in good condition. 


400 ivo 

U u: 
300 6 a а" 

X 

Ы TRIAL № 7 

гоо IHP = 507 
MIP = 225 liso 

100 ` 


TRIAL N? 8. 


IHP = 270 


MIP = 26.3 lbs /a 


436c 


(EDS 


Fig. 21. 


Trials Nos. 2 to 7, each of a few hours’ duration, were carried 
out to obtain fuel consumptions and mechanical efficiencies at 
various powers. During trial No. 5 arrangements were made 
to take records which would enable a heat balance to be made 
out for the engine. The results of this test are given in 
Table IIT. 

. Trial No. 8 was carried out to obtain information as to the 
running of the engine on heavy fuel oil, Mex boiler fuel oil 
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of "95 specific gravity being used. It was found necessary to 
heat the oil, before it entered the fuel pump, to a temperature 
of from 120 to 180 degrees F., and to raise the blast pressure 
to 1,100 lbs. per square inch. The engine ran steadily on 
this oil for a number of hours at full load and with an invisible 
exhaust. From the results of the short trial carried out, it 
appears that the engine can quite satisfactorily operate on 
heavy fuel oil, provided ample provision is made for heating 
the oil before it enters the fuel pumps on the engine, and 
the necessary temperature is maintained until the oil reaches 
the fuel-injection valve. The temperature required is governed 
principally by the viscosity of the fuel oil used, it being neces- 
sary to raise the temperature of the oil until the viscosity, 
when the oil enters the fuel valve. is such as will ensure 
efficient pulverisation of the fuel. The heating appliances 
available during this trial could not raise the temperature of 
the oil above 180 degrees F., whereas it was estimated that a 
temperature of from 160 to 180 degrees F. was required to 
give the best results with the class of oil used, the viscosity 
at 60 degrees F. being about 10,000 seconds, Redwood No. 1. 

An attempt was also made to ascertain the approximate 
temperature of the piston face and the exhaust-valve heads 
by inserting plugs containing various fusible alloys of known 
melting points in these parts, and the results obtained 
indicate that the temperature of the piston face at 7 inches 
from the centre was approximately 600 degrees F., and that 
of the exhaust-valve heads not over 900 degrees F. The plugs 
were in place during approximately 14 days of trials, including 
the overload trial No. 6 in Table II. The moderate tempera- 
ture of the combined exhaust and induction valve-heads in 
this type of engine is due to the very efficient periodic cooling 
of that part during each cycle by the incoming induction air. 

Table IV gives particulars of trials carried out on one of 
the auxiliary generator engines, and indieator cards are also 
given in Fig. 22. These auxiliary engines are of the four-cycle 


RESULTS OF TEST BED AND SEA TRIALS 317 
Las/a" 


Joo 


G26 (fiai a) 


Jeo 
Goo 
So 
d 
hoo 2 
Зоо g 
t 
Q 
200 Y 
сч. 
л 


ОЗ HouR. 


Fig. 22. 


318 THE BEARDMORE-TOSI DIESEL ENGINE 


trunk-piston director-valve type, with forced lubrication to all 
bearings. A two-stage air compressor is driven from the end of 
the crank-shaft and in addition one forced lubrication pump, 
one circulating pump, and one sanitary pump. A deep crank- 
case is provided, which acts as a drain tank for the forced 
lubrication oil. The engine drives the dynamo through a 
flexible coupling, and operates at 250 revolutions per minute. 
Each engine is fitted with a centrifugal governor, which con- 
trols the fuel-pump suction valves. The regulation of the 
speed of the engine under varying load is within narrow limits, 
as will be seen from the trial results given. 

All the above trials were carried out on the engines with a 
view to obtaining reliable data as to fuel consumption, eto., 
and it may be mentioned that special care was taken to ensure 
that the power developed was kept constant during each of 
the trials. Tables V, VI, and VII give particulars of the 
results obtained over two voyages of the М.В. “Pinzon.” 

It wil be seen that an average speed of 11:06 knots was 
maintained over a round voyage of 3,894 miles, during part 
of which very bad weather was experienced, see Table V. 
During the voyage from Liverpool to Barcelona, see Table VI, 
the speed of the vessel averaged 11:6 knots, and a noticeable 
feature is the constant revolutions per minute maintained. 
The fuel consumption figures obtained on sea service fully con- 
firm the results of the trials. The apparently large number 
of days spent in port during these voyages is accounted for 
by the particular nature of the trade in which the vessel is 
engaged, eight different ports being entered on the Spanish 
coast. This trade severely tests the manceuvring capabilities 
of the engine and vessel, all ports being negotiated without 
the assistance of tugs. 

Tables Nos. V, VI, and VII have been compiled from log 
abstract sheets supplied by the owners of the vessel. 
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TABLE I. 


SHIP. 


Length 240 feet, breadth 38 feet, depth 18 feet. 
Displacement 3,300 tons at 17 feet 6 inches draught 
Block coefficient -73 
Designed speed 10:5 knots on loaded trial. 
Machinery placed aft. 

Матч ENGINE. 


One single-acting Beardmore-Tosi, four-cycle. 
Six cylinders 620 mm. (24% inches) bore, 975 mm. (38# inches) stroke. 
1,250 brake horse-power at 120 revolutions per minute. 


ELEOTRIC GENERATORS. 


Three each of 50 kilowatts, driven by four-cycle trunk piston. 
Two-cylinder Beardmore-Tosi Diesel engines, 310 mm. diameter, 360 mm. 
Stroke, 75 brake horse-power at 250 revolutions per minute. 
All the engine room and deck machinery is clectrically driven. 


TABLE III. 
Hear BALANCE ESTIMATED FROM RESULTS OBTAINED DURING TRIALS. 
, Percentage 
per minute, of eat 
Heat due to fuel oil - - - - - - 163,800 — 
Heat equivalent of indicated work - - - - 72,500 44 
Heat carried away by cooling water to cylinder liners 
and covers - - - - - - - - 42,021 25°6 
Heat carried away by piston cooling water - - 10,500 6°5 
Heat carried away by exhaust - - - - 28,500 17:4 
Heat carried away by compressor cooling water - 6,740 4:1 
Heat lost by radiation, etc. (by difference) - - — 2-4 


1296 
Brake thermal efficiency = 44 x iio” 33°4 per cent. 


Fuel oil used : 
Mixture of Mex Diesel oil and Mex light fuel oil. 


Specific gravity - - 889 at 60 degrees F. 
Calorific value (gross) - - 19,175 B.Th.U's. 
Flash point (closed) - - - 156 degrees F. 
Viscosity at 100 degrees F., - 55 seconds. 


Redwood No. 1. 
Carbon 84-8 per_cent., Hydrogen 11-9 per cent., Sulphur 1:48 per cent., 


Oxygen 1-82 per cent. 
The oil contained, Asphalt 4 per cent., Coke 4-3 per cent., and Ash ·01 per cent. 
For horse-powers, pressures, etc., see Table IL trial 5, 
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TABLE V. 
Motor SHIP “ Prnzon.”’ 


Voyage. Glasgow to Liverpool, Barcelona, and other Spanish ports and 
return to Liverpool. September 18th to October 17th, 1922. 


Time under way, 14 days 15:8 hours. 
Time in port, 15 days 18:4 hours. 
Distance covered, 3,894 miles. Average speed, 11-06 knots. 


Outward voyage, mean draught - 14 feet 6 inches. 
Homeward voyage; ,, - - 15 feet. 
өсте! used by main engine - - 72°75 tons. 
з by auxiliary engines - 20 وو‎ 


n i ze - 3-05 ,, for harbour use. 
Anglo-Persian Diesel oil, -889 specific gravity at 60 degrees F. 
Fuel used by main engines рег 24 hours - 4:96 tons. 

2 by auxiliary engines  ,, - 137 ,, 

Lubricating oil used by engines and compressors per 24 hours, 
7:58 gallons. 

Fuel per І.Н.Р. per hour, :325 lbs. for main engine only. 
у» І.Н.Р. per hour, +335 lbs. for all purposes. 

Average indicated horse-power of main engine, 1,420. 

Average revolutions per minute of engine, 116-39. Apparent slip, 
8:3 per cent. 


During this voyage strong head winds and seas were encountered for 
five days. 


TABLE VI. 
Motor SHIP “ PINZON.” 


Voyage. Liverpool to Barcelona (direct) October 21st to October 28th, 
1922. Left Bar Lightship 5.44 p.m., 21st October. Arrived Barcelona 
3.20 a.m., 28th October. 


Time under way, 6 days 9 hours 21 mins. 

Distance covered, 1,779 miles. Average spced, 11:6 knots. 
Fuel used, 35-76 tons for all purposes. 

Anglo-Persian Dicsel oil, “889 specific gravity at 60 degrees Е. 
Average indicated horse-power of main engine, 1,550, 


29 


329 THE BEARDMORE-TOSI DIESEL ENGINE 


Average revolutions per minute of engine, 121-6. Apparent slip, 7:7 


per cent. 
Fuel used by main engine per 24 hours, 5-6 tons for all purposes. 
d » % per І.н.Р. per hour, “33 lbs. for all purposes. 
| | Revolutions | Average Apparent | 
Date. | Miles run per speed, slip, ‚ Fuel used, 
by ship | minute. | knots. percent. | tons. 
October. | | 
2134 and 22nd 209 1212 14 | 92 ° 44 
23rd 269 120-9 11-1 | 112  —— 582 
94th 278 1214 OS ' 5-54 
25th 273 120-5 1137 ` 8 ‚ 54 
| 26th 293 . 1217 . 12-4 1:5 | ou 
| 27th 276 1227 11-6 84 | 5:76 
| 28th 181 123-2 11-8 | 15 | 3-74 
کے‎ т ысышы е аныш 
1779 1216 ` 116 © 77 35-16 | 


TABLE VII. 
MOTOR SHIP “ Pryzon.”’ 


Voyage. Liverpool, Barcelona, and other Spanish ports to Liverpool and 
Glasgow. October 21st to November 18th, 1922. 
Time under way, 14 days 9-2 hours. 
Time in port, 14 days 17-5 hours. 
Distance covered, 4,241 miles. Average speed, 11:4 knots. 


Outward voyage, mean draught - 14 feet. 
Homeward voyage, ___,, - 15 feet З inches. 
Fuel used by main engine - - 76°54 tons. 

m » auxiliary engines -° - 2d n 


5i 5 2 وو‎ c - 4:03 ,, for harbour use. 
Anglo-Persian Diesel oil, -899 specific gravity at 60 degrees F. 
Fuel used by main engines per 24 hours, 5-32 tons. 
vs ә auxiliary engines per 24 hours, :145 tons. 
Lubricating oil used by engines and compressors per 24 hours, 
4-43 gallons. 
Fuel used per r.H.P. per hour, “319 lbs. for main engines only. 
s »  LH.P 5 ‘328 lbs. for all purposes. 
Average indicated horse-power of main engine, 1,550. 
Average revolutions per minute of engine, 119-9. Apparent slip, 
8-2 per cent. 
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Discussion. 


Мг. A. CAMPBELL (Member): I had the privilege of 
attending the official trials of the motor ship '' Pizarro," and 
am pleased to be able to express my satisfaction at the manner 
in which the Beardmore-Tosi engines worked. During these 
trials everything, including the Beardmore-Tosi auxiliaries, 
worked with smoothness, and not the slightest hitch occurred. | 
After completion of the speed trials, a series of manceuvring 
trials were carried out under my guidance, for the purpose of 
testing the capacity of the air receivers. Three receivers, out 
of an equipment of five, were used, the air pressure being 495 
lbs., and no auxiliary means were used for replenishing. The 
main engines made 12 consecutive starts ahead and astern 
alternately, after which the pressure in the receivers indicated 
260 lbs., thus showing a drop of 235 lbs., which is very credit- 
able, and proves the ease with which these engines can be 
manceuvred. 

Knowing that the owners of this vessel had experience with 
the sister vessel ‘‘ Pinzon,” I asked one of their officials which, 
in the event of having to choose between a steam engine or 
an oil engine, he would prefer. He said that in the particular 
trade in which these vessels were engaged, and having to spend 
a long time in ports, he would have no hesitation in choosing 
the Beardmore-Tosi engine drive, which up to the present had 
given every satisfaction. 

Mr. JAMES RICHARDSON, B.Sc. (Member): It is an interesting 
fact that, with the development of the oil engine, before 
this and other technical societies a number of papers have 
been recently submitted dealing with specific problems 
rather than with the broad aspect of the subject; and 
the two papers read by Mr. Love and Mr. Nicholson are 
of this type, both of them affording very clear evidence 
of the capable, conscientious, and efficient work that is 
being done on the Clyde at the present time by way of 
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solving marine oil-engine problems. With the introduction to 
marine work of any new type of prime mover, there are. bound 
to be а certain number of difficulties in design and construction 
as well as in actual service at sea. With some prime movers 
the difficulties are more in design than in construction; but 
he would be a bold man indeed who would say regarding oil 
engines which of the three is the greatest—design, construction, 
or actual working—and also which of the three requires the 
most study. Possibly that is one of the reasons why the 
marine oil-engine, or the Diesel engine in its application to 
marine work, attracts the engineer; but certain it is that when 
once these problems have been completely solved; or appear 
in a large measure to be solved, then the Diesel engine forms 
a most attractive power unit for the propulsion of ships. 
Engineers, when they have reached the stage of becoming 
imbued with the oil engine, seldom if ever—in fact, never іп: 
my experience—are anxious to return to the older, more tried 
out, апа better established system. One of the problems 
associated with the marine oil-engine to which a good deal of 
prominence has been given, and which was touched upon by 
Mr. Campbell, is the question of manceuvring. Inherently, as 
is well known, every internal-combustion engine is a constant- 
speed prime mover, because the conditions of temperature and 
of pressure of the cycle within the cylinder change inevitably 
with the speed of revolution at which the engine is running, 
and, therefore, cannot be entirely suitable over the whole speed 
range which every marine engine must possess. Compromise, 
therefore, is needed, and very careful designing of the starting 
and reversing gear, in order to achieve a result which will be 
satisfactory. 

In connection with the machinery of the ships dealt with in 
Mr. Love’s paper, the problem was probably as intense as it 
has been in any previous motor vessel, because these ships are 
single screw and are about the maximum size permitted to 
navigate all the ports of the United Kingdom and the 
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Mediterranean without using tugs, and the Manchester Ship 
‘Canal regularly comes within the route to be traversed. 
Mr. Campbell instanced the manceuvring trial of the 
second of these vessels, the ‘‘ Pizarro’’; but, of course, the 
conditions during this trial did not reproduce those which 
would be met with during service mancuvring of the vessel, 
because the trial largely consisted of running full-speed ahead 
for sufficient duration to give the ship time to obtain momentum 
ahead, then that momentum had to be destroyed by the com- 
pressed air, in the receivers before the engine could give the 
ship momentum astern. If mancuvring trials could be 
standardised, it would be useful for purposes of comparison, 
because, obviously, to start an engine ahead when the ship 
has ahead way on requires very much less power than to start 
the engine ahead when the ship has gained full momentum 
astern, so that the drop in pressure for 12 manceuvres, as 
mentioned by Mr. Campbell, is very much greater than would 
be the case with 12 average manceuvres in service. Perhaps, 
later on, Mr. Love might be able to tell us what it would be 
under normal conditions. Since this paper was written con- 
siderable experience has been gained in the Manchester Ship 
Canal, and if Mr. Love could supplant the data in the paper 
on the subject of manceuvring with some such figures, I think 
it would be of value. 

Mr. Harry CLARKE (Member): Regarding this engine, I 
have been in touch with the development at Messrs. 
Beardmore’s works from the time of their first semi-Diesel 
engine, and have followed the later developments with very 
great interest. One thing not very generally known is that 
very considerable alterations were made in the Tosi design by 
Messrs. Beardmore, which turned that design into a much 
more practical marine engine, for many parts were flimsy and 
light, and certainly not fitted for the rough usage that such 
engines get on board ship. An engine might do very well 
sitting on a concrete bed, but the proposition is very cifferent 


326 THE BEARDMORE-TOSI DIESEL ENGINE 
Mr. Harry Ciarhe. 


when it is installed on a floating platform. As the Beardmore- 
Tosi design proceeded, one point kept strongly in view was to 
make the reversal of the engine practically self-acting, con- 
sequently the movements associated with reversing were made 
as simple as possible. I might give an instance of this. When 
the engine was on the test bed after running its shop trials, 
it was open for inspection to visitors, and I went. to see it 
running. Such was the confidence in the simplicity and safety 
of the manceuvring gear that Messrs. Beardmore’s officials were 
allowing visitors to take the handles and manceuvre the engine 
ahead and astern, while running with a light load. The log 
extracts of manceuvring when under orders of the pilot, given 
in the paper, appear to confirm the opinion then formed 
that this engine starts up very readily and uses very little 
air in the process. I should like to ask Mr. Love to explain 
the method he adopted to secure the continuous indicator 
diagram, Fig. 11. 

Mr. В. J. BUTLER: I think the continuous indicator diagram 
taken during reversal of the engine is one of the most valuable 
illustrations in the paper. So far as I am aware, no similar 
diagram has been previously published for any Diesel engine 
at present in commercial use, and I think if other engine 
builders on the Clyde and elsewhere were to produce similar 
diagrams, it would enable a comparison to be made of the 
respective merits of engines so far as their reversing capabilities 
are concerned—this being a most important feature in con- 
troverting the widely held impression of the Diesel engine, 
namely, that it is a bad reverser. Having been on the trials of 
the ‘‘ Pinzon ” and '' Pizarro,” I can confirm Mr. Campbell’s 
experience of the working of the Beardmore-Tosi engine. Ц 
reverses even more sweetly than any steam engine I have ever 
known, and not only does it respond with great facility, but, as 
far as flexibility is concerned, it will bear comparison with any 
other type of prime mover yet on the market. I would like 
very much to hear the opinions of other engineers on the sub- 
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ject of the continuous indicator diagram, particularly with 


respect to the transition that takes place between diagrams 
Nos. 4, 5, 6, and 7 at the moment of reversal from ahead to 
astern. 

Mr. W. Н. Rip»pLEswoRTH, M.Sc., M.Eng. (Member): І 
wish to add a few words on the subject of air compressors. 
Figs. 18 to 16 are interesting diagrams purporting to show what 
happens in the cylinders of a certain three-stage compressor 
when an attempt is made to vary the rate of discharge by 
throttling the air inlet. The general problem of suiting the 
discharge of, and power required by, an air compressor to the 
demand upon it is one which presents considerable difficulties, 
indeed it is safe to say that a perfectly satisfactory solution 
has yet to be found. If the speed’ could be varied exactly in 
accordance with the demand all would be well, and, no doubt, 
given a suitable motor and a sufficient range of delivery pres- 
sure, the problem could be solved; but for constant-speed i 
machines or direct-driven compressors for Diesel engine pur- 
poses the problem remains. The methods of variable clearance 
space, of throttled inlet opening, of various by-pass arrange- 
menís between the different stages have all been tried, yet 
the simple but energy-wasting method of blowing off at 
high pressure all surplus air appears to be the favourite 
_ solution. 

The first point to be noted in the diagrams referred to is 
that at the beginning of the compression stroke the pressure 
in the L.P. cylinder is practically that of the atmosphere, and 
the cylinder, therefore, always contains the same amount of 
air. Small variations are indeed shown, but they are incon- 
sistent with the recorded positions of the inlet throttle. Now, 
although it is stated that less air was being delivered and shown 
that the power absorbed was decreased, yet it appears from 
the above considerations that the same amount of air was 
being taken in. May I ask Mr. Love how he explains this 
anomaly, and also, for general information, if he has formed 
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any definite conclusions about the best way of varying the dis- 
charge of such a compressor? 

Mr. A. J. BRown (Member): Mr. Love refers to the ready 
access to all working parts; I would add that the general trend 
in design is to make each part capable of extended service over 
that usually encountered. For example, by abolishing packing 
from the fuel-injection valves the service time is enormously 
increased. With the packed-gland type it is leaking glands, 
more than anything else, that cause the fuel valves to be with- 
drawn at comparatively short intervals. Then again, as Mr. 
Love points out, packing is the direct source of the fuel valve 
being burnt, and if these two troubles were eliminated the 
fuel-injection valve becomes practically perfect, for it is seldom 
that any other trouble in connection with it is experienced. 
The generous surface given to all bearings throughout the 
Beardmore-Tosi engine make for the minimum overhaul, while, 
of course, the director valve arrangement allows a period of 
exhaust valve service far beyond that possible for any uncooled 
type. 

In connection with the maneuvring gear, a special feature 
is the ability to vary the fuel-injection valve lift and timing, 
and that as an incorporate part of the gear controlled by one 
lever. This results in the greatest possible economy where 
blast air is concerned, thus allowing a greater surplus to be 
passed to the starting-air reservoirs, and enabling the engine 
to be run for an unlimited period at dead slow speed without 
fear of choking the fuel-injection valves. Again, by its use | 
& much greater flexibility is achieved, and, incidentally, the 
handling of the engine is simplified. Instead of varying the. 
blast pressure to suit the speed, an essential procedure in the 
ease of '' constant-lift’’ engines, all that is necessary with the 
Beardmore-Tosi engine is for the fuel valve lift to be reduced, 
while the blast bottlf pressure сап be maintained at a figure 
which will meet a wide range of revolution speeds, this being 
done by blowing off the surplus air to the starting reservoirs. 
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The reliability and efficiency of this manceuvring gear has been 
amply demonstrated in the ‘‘ Pinzon,” see Fig. 12, while 
the following particulars regarding the passage through the 
Manchester Canal by the “ Pizarro’’ should establish it beyond 
doubt. The navigation of the Manchester Canal involves what 
is probably the most exacting manceuvring conditions to be met 
with, and when it is considered that the '' Pizarro’’ is a single- 
screw ship, and that the passage was made without the aid 
of tugs, it reflects great credit on the manceuvring capabilities 
of the engine. 
Extracts from Engine Movement Book of the ‘° Pizarro ’ 
when passing through the Manchester Canal on Sunday, 11th 
February, 1928 :— 
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AcTUAL REVOLUTION SPEED 


IN ENGI RS. 
MAIN ENGINE ORDERS as MEASURED. 


Dead Slow 30-40 Revs. per min. Dead Slow 28 Revs. per min. 

Slow 50-60 Revs. per min. Slow - 49 Revs. per min. 

Half 70-80 Revs. per min. Half - - 65 Revs. per min. 

Full 90-100 Revs. per min. Full 75 Revs. per min. 
ORDER. TIME ORDER. TIME. 

a.m. a.m. 

Stand-by 6.55 Slow ahead - 

Slow ahead - 7.0 | Full astern 

Dead Slow ahead - 10.40 Slow astern - From 

Stop - - 10.403 Full ahead 10.51 

Slow ahead - 10.44 Full astern to 

Stop - - 10.44 Stop - - || 10.534 

Slow ahead - 10.443 | Full astern 

Stop 10.45 Stop - 

Full ahead 10.45 Slow ahead - 

Full astern 10.45 Stop - 10.54 

Full ahead 10.45} Slow astern - 10.544 

Stop - 10.50 Stop - 10.55 


Digitized by Google 


330 


Mr. A. J. Brown. 


ORDER. 


Dead Slow ahead - 
Stop - - - 


Slow ahead - 
Stop - 
Slow astern - А - | 
Stop - - - - | 
Slow ahead - - | 
Stop - - - 
Dead Slow ahead - | 
Slow astern - | % 
Stop - - - 
Slow astern - е 
Stop - - - - : 
Full ahead 

Dead Slow ahead - 
Fullastern - 

Slow ahead - 

Dead Slow ahead - 

Stop - - 

Full astern - 

Slow ahead - 

Full ahead 

Slow ahead - 

Half ahead - 


Dead Slow ahead - 
Stop - - - 
Dead Slow ahead - 
Stop - - - 
Dead Slow ahead - 
Stop - - - 
Dead Slow ahead - 
Stop - - 
Fullastern - 

Stop - - 
Slow ahead - 
Stop - - 
Slow ahead - - 
Stop - - - 
Full astern - - - 


11.374 
11.29 
11.40 
11.403 
11.41 
11.414 
11.42 
11.434 
11.444 
11.45 
11.46 
11.47 
11.474 
11.49 


p.m. 
19.15 
12.15} 
12.16 
12.163 
12.17 
12.174 
12.20 
12.203 
12.224 
19.994 
19.93 
12.94 
12.244 
12.25 
12.253 
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Stop - 
Slow ahead - 
Stop - 

Full astern 
Stop - - 


Stop - - 
Slow ahead - 

Full astern 

Dead Slow ahcad - 
Stop - - - 
Dead Slow ahead - 
Stop - - - 
Dead Slow ahead - 
Stop - - - 
Dead Slow ahead - 
Full astern - - 
Dead Slow ahead - 
Stop - - 
Slow ahead - 

Full astern 

Stop 

Slow ahead - 
Stop - 


Dead Slow ahead 
Stop - - - 
Dead Slow ahead - 
Stop - - - 
Dead Slow ahead - 
Stop - - 
Dead Slow ahead - 
Stop - - - 
Dead Slow ahead - 
Stop - - 

Full ahead 

Stop - 

Full astern - 
Dead Slow ahead - 
Stop - - 


Finished with engines 
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Total time of passage, 9 hours 40 minutes. 


No. of movements, 229. 
Total time auxiliary air compressor was in use, 2 hours 31 
minutes. 

The auxiliary compressor was, in the main, used during the 
time the ship was tied up in the canal locks, and the total 
running time includes that taken to charge all reservoirs to 
maximum pressure after “ Finished with engines’’ was 
received at Manchester. 


The following particulars will give some idea of the general 
performance of the ‘‘ Pizarro '':— 


Voyage. Liverpool to Barcelona and other Spanish ports, and 
return to Liverpool. 15th February to 18th March. 

Time under weigh, 14 days 23 hours 9 minutes. 

Time in port, 11 days 21 hours 35 minutes. 

Distance covered, 3,672 miles. 

Average speed, 102 knots. 

Outward voyage mean draught, 12 feet 10 inches. 

Homeward voyage mean draught, 15 feet 114 inches. 

Total fuel consumption when under weigh, 67°45 tons. 

Anglo-Persian Diesel oil, `889 specific gravity at 60 degrees F. 

Fuel used per І.н.р. per hour for all purposes, °33 lb. 

Total fuel used by auxiliary engines in harbour for working 
winches and supplying lights and heater, 2:15 tons. 

Average I.H.P. of main engine, 1,226. 

Average L.H.P. of generator engine at sea, 39. 

Average revolutions per minute of main engines, 109:5. 

Apparent slip, 10 per cent. 


Very heavy weather was experienced during the first four 
days of the voyage. The '' all-in ’’ fuel consumption of 33 lb. 
per horse-power per hour is very good, considering that the 
engines were not run at full power. 

Mr. B. SALISBURY: This paper, which gives concrete facts 
of real importance, must surely form a valuable addition to 
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the subject matter of the Diesel engine. To me the paper 
has been of especial interest. 

The claims put forward for the combined inlet and exhaust 
valve, in combination with the director valve, are amply justi- 
fied in practice. Taking an average indicator card with an 
indicated mean-pressure of 95 lbs. per square inch, the exhaust 
temperature by thermometer shows 570 degrees F. Without 
question this combination of valve gearing keeps the exhaust 
valves cool, keeps them clean, and eliminates undue stresses 
in the cylinder heads; also, since these valves have a much 
longer period of opening than the usual four-cycle arrangement, 
wear of the valve gearing generally is reduced to a minimum. 
All that Mr. Love puts forward for the fuel injection valve is 
thoroughly upheld under practical conditions. Having no 
packing glands, the fuel valve cannot stick up, and, what is 
more to the point, burning of the fuel valve is an unknown 
quantity in the Beardmore-Tosi engine, and there are no fuel 
leaks. 

When considering the adjustment of the fuel-pump suction- 
valve tappets, while admiring the careful argument put 
forward by Mr. Love for internal adjustment, running experi- 
ence goes to prove that outside adjustment would be beneficial. 
There need be no fear of the engineer being tempted to alter 
the adjustment, for marine engineers learn early the doctrine 
'" That temptation is the voice of the evil one, who flatters 
only to deceive." Moreover, the maxim of ''letting well 


,» 


alone ” is one that all successful епошеегз know when to apply. 
Allowing for the accurate adjustments of the tappets in the 
first case, and for the excellent material employed in the con- 
struction of the fuel pump, wear on valves and tappets does 
take place, and not always in the same proportion, with the 
result that powers developed in the cylinders vary; it is then 
one feels the necd of outside adjustment. 

The manceuvring qualities of the engine are of the highest 
order. The following table shows the orders carried out when 
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entering a port under awkward conditions. It will be seen 


that the total movements number 54, and the total time occu- 
pied 44 minutes. During this period 19 separate starts were 


ORDER. TIME. ORDER. TIME. 
| pm. | p.m. 
Stand by - - -| 2.39 | Stop - - - - 3.183 
Half ahead - - - 245 Slow ahead - - - 3.184 
Dead Slow ahead - -| 2.46 Full ahead - - - 3.184 
Slow ahead - - -| 2.48 Stop - - - - 3.19 
Half ahead - - - 2.493 | Slow astern - - - 3.194 
Dead Slow ahead - - 2.52 | Slow ahead - - -| 3.194 
Slow ahead - - - 2.564 Stop. - - - - 3.201 
Half ahead - - - 2.51 Slow astern - - - 3.20 | 
Slow ahead - - «| 390 Stop - - - - 3.21 
Dead Slow ahead - - 3.01 Slow ahead - - : 3.214 
Slow ahead - - - 3.2 Slow astern - - - 3.22 
Stop - - - -| 3.6 Stop - - - - 3.224 
Slow ahead - 3.10 Half ahead - - - 3.23 
Stop - - - - | 3.104 Stop - - - - 3.233 
Dead Slow ahead - ч tage Slow astern - - - 3.24 
Stop - - - - 3.124 Stop - - - - 3.244 
Dead Slow ahead - - 3.18 Slow astern - - - 3.25 
Stop - - - - 3.134 Stop - - - - 3.25 
Full astern - - - 3.134 Slow astern - - - 3.254 
Stop - - - - 3.14 Full astern - - - 3.26 
Slow ahead - - - 3.14 Stop - - - - 3.263 
Stop - - - - 3.144 Fullahead - - -| 8.21 
Dead Slow ahead - 3.15 Stop - - - -| 327 
Stop - - - -| 315} Slow astern - - - 3.27 
Full astern - - - 3.6 HN 5. m$» d 3.28 
Stop - - | 3.16% Slow astern - - - 3.28} 
Slow ahead - -| 3.164 | Stop - - - - 329 


Fullastern - - -| 3.18 Finished with engines - 3.38 


| 


made, and four reversals, giving а total of 23 calls for starting 
air; also from 8-194 until 3-254, i.e., 6 minutes, 14 orders were 
carried out which included six starts and one reversal. These 
orders were executed while working from the starting-air . 
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receivers only, the auxiliary compressor not being in use. 
There are five starting-air reecivers arranged in two groups. 


Pressures on entering port—No. 1 group, 500 lbs. per 
square inch; No. 2 group, 500 lbs. per square inch. 

Pressures at '' Finished with engine’’—No. 1 group, 250 lbs. 
per square inch; No. 2 group, 350 lbs. per square inch. 


The question of accessibility is one that I trust all Diesel 
engine designers will keep ever before them. Much good work 
has been donc in this direction, but the general opinion of 
those who go down to the sea in Diesel engined ships is that 
much yet remains to be done. With regard to the tempera- 
tures obtained from the use of fusible plugs, I wish Mr. Love 
had given a little more information on this subject; one feels 
that, like the magician, he has palmed the master cards. 

Mr. J. L. CHALONER: Mr. Love’s paper has proved to me 
to be a very instructive and informative contribution, and one 
which lends itself particularly well to a good technical and 
practical discussion. I cannot subscribe to the statement that, 
owing to the leakage past the fuel valve gland of the con- 
ventional type of ‘‘ plain өріп е” as against °° torsion 
spindle,’’ the work done by each cylinder cannot be equalised. 
At the same time I agree that the arrangement such as is 
employed with the Beardmore-Tosi engine has much to com- 
mend itself, particularly from the point of view of accessibility. 

The high velocity of the circulating water in the jackets is a 
considerable advantage, and the question of adequate filtering 
both at the sea connection and within the system becomes 
an important one. The interconnection of the circulating 
systems for both the main and auxiliary sets is advisable, and 
a few comments on this point from Mr. Love will be valuable. 

The test data are useful, but I venture to suggest that their 
value would have been enhanced if dates and duration of the 
various trials had been quoted. The results refer to specific 
conditions, and their nature is not quite apparent from the 
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published figures. For instance, there is a difference of 88 
horse-power between the results taken during the 100-hour ` 
trial and during the trial under Fig. 16. One might be 
prompted, therefore, to ask at what stage during the trials 
No. 1 to 8, Table IT, were the compressor tests taken. This 
information, together with the cylinder dimensions of the two 
types of compressors, would be a decidedly valuable addition 
to enable an instructive analysis to be prepared. With the 
intercooler (r.P.) blowing off, there is still sufficient air pres- 
sure available, which would lead one to presume that the 
single '' differential'' type of only 70 per cent. capacity of the 
two ''steeple ” units is still on the large side, making allow- 
ances for charging air, etc. Mr. Love remarks that between 
300 and 400 lbs. starting pressure the use of air is most 
economieal, and I should like to hear what his views are 
regarding the use of 400 lbs. as the highest pressure for starting 
the engine, whether cold or warm. In this connection, it would 
appear from the starting diagram, Fig. 11, that more fuel has 
collected in the fuel valve casing than might be desirable. 
The experiments with various grades of fuel are not suffi- 
ciently extensive to permit any conclusions to be drawn, but 
on plotting the results there still comes out the tendency which 
other more complete tests have brought out, namely, that 
with the observation of specifie conditions in the composition 
of the fuel there is, up to a point, an inverse relation between 
the grade of fuel and the fucl consumption. Grade of fuel is 
here referred to as a function of the gravity. I cannot sub- 
scribe to the suggestion that the heavy Mexican oil would 
have to be heated to from 160 to 180 degrees F. to give the 
best results, an estimate presumably based on the viscosity 
eurve of the fuel. From my experience it is not desirable nor 
necessary to go as high as 130 degrees F. The lubricating oil 
consumption during the 100-hour trial, and as per log under 
Table VII, works out at about :35 per cent. of the fuel con- 
sumption as against '6 per cent. for the results in Table V. 
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Perhaps Mr. Love would be good enough to comment on this 


difference. The comparatively high lubricating-oil consump- 
tion of ‘0045 lb. per brake horse-power for the generator 
sets as against the highest figure of ‘0025 lb. for the main 
set, brings out an important point to bear in mind. I presume 
that the calorific value of the Texas oil in Table IV should 
be the net value, and I would submit the use of the gross 
value, particularly in view of the probably larger use of the 
exhaust heat in future. Computed on a gross value, the 
indicated thermal efficiency would be reduced to 41 per cent. 
and the exhaust heat losses increased to 20°7 per cent. 

Would Mr. Love be good enough to state the horse-power 
required to drive the '' Pinzon’’ at 104 knots at a draught 
of 17 feet 6 inches, or, if actual figures are not available, what 
would he consider the estimated horse-power to be? I should 
also like to know whether any special blast-pressure gauges 
were use in connection with the tests on the generator sets, 
as it appears to have been possible to read them with con- 
siderable accuracy. 

General GoLorr (formerly a member of the Technical Com- 
mittee of the Russian Admiralty): Referring to internal- 
combustion engines, I am confident that the correct solution 
will be found in some form of internal-combustion turbine, as 
by that means alone will the high powers for naval work be 
obtained with a permissible weight. I shall be glad to know 
if anything is being done in your country regarding such a 
turbine. 

Mr. Јонх S. Brown, M.B.E. (Associate Member): Much 
of the information made available in this paper is of the type 
which must be closely studied by those interested in the 
development of large oil-engines, and if, when attempting to 
make comparisons, it is found difficult to trace corresponding 
data for other engines, it only places this Institution under a 
deeper obligation to Mr. Love, and sets a standard for future 
papers of the same type. In consequence of this difficulty 
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it is largely necessary to confine these remarks to a close 


examination of the paper itself, and it is of value to notice 
that the characteristics of this engine have led to the develop- 
ment of two new methods of applying indicators, both of which 
now appear in the Institution’s proceedings for the first time. 
The continuous indicator diagram, given in Fig. 11, has aroused 
a considerable amount of interest, and not only brings out the 
phases passed through in carrying out a reversal, but also 
shows a very economical use of the starting air; since the 
cylinder in question only drew one charge. However, it is 
essential to note that the diagrams cannot be used directly 
to learn the mean indicated pressure. This arises from the 
movement of the paper around the drum, which gives the dis- 
placement of the cards, and results in the compression and 
expansion lines having different base lengths. On transferring 
these lines to a common base, it is found that the more 
important cards have the following values for mean indicated 
pressure. 


Diagram No. 1 - 37 lbs. per square inch. 
» 4 2 0 E 29 
» 7 - 120 


Diagram No. 1 represents engine friction plus any losses due 
to the brake being connected up; this figure is in excess of 
that suggested by Mr. Nicholson, and it may be that the power 
is not evenly distributed between the cylinders at the low 
loads. Diagram No. 4 is of peculiar form, and has been 
referred to as a negative card, but on the new base it shows 
as a pure compression and re-expansion of the suction air 
charge, the lines being superimposed. Diagram No. 7, which 
at first sight appears to show а high power, is quite a normal 
card, in the light of the mean indieated pressure quoted. 
The air-compressor tests at a series of throttle positions show 
little reduction in output, judged by the stage pressures, until 
the throttle is almost closed, and is in accordance with general 
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experience. However, it is not understood how this reduction 
in output is obtained, without being definitely shown by the 
suction line of the first stage becoming sub-atmospheric, and 
it is considered that this diagram must contain some errors 
of the type which creep into indicator work. 

In the Beardmore-Tosi engine both the induction and 
exhaust systems pass through manifolds common to all 
cylinders, and in examining the light-spring diagrams it is 
only to be expected that some interference will arise when 
two cylinders operate together on the one manifold. In the 
light of this the tendency towards a loop at the inner dead 
centre can be satisfactorily explained ; but it would be of added 
value if it could be shown that this is a general characteristic 
in the normal engine (multi-cylinder) with separate inlet and 
exhaust valves. 

The heat balance given in Table III shows items '' indicated 
work'' and ''heat to jackets," and as the piston friction 
losses appears in each, it is accounted for twice. This friction 
loss is the main item in the friction of the engine, and the 
discrepancy mentioned is, therefore, sufficient completely to 
upset the “‘ balance by difference.’’ It is suggested that the 
table should be recast in terms of brake horse-power in place 
of indicated horse-power. 

Mr. Davin В. Нотсн!зом: The Tosi engine has undoubtedly 
one or two features marking it as a special type cf four-cycle 
engine calling for close examination. The main feature is the 
director valve for the exhaust and inlet air. Mr. Love states 
that the engine follows usual marine steam practice: Would 
15 not be more correct to say that this engine resembles the 
usual reciprocating engine? The necessity of the oil-engine 
designer to follow steam practice should not be sine qua mon. 

Examining the main line and comparing with other four- 
cycle engines, one feels that Messrs. Tosi have left too little 
space between the crank-case plate and the cylinder liner enw 
The piston-head thickness looks very great, and scales about 
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41 inches. With an efficient water-cooled head this thickness 
should not be necessary, and the tendency of a well-known 
two-cycle firm appears to be almost the reverse, quite a thin 
looking top being made, if published drawings can be relied 
upon. The director valve on paper should effect the object 
aimed at, and time will tell whether in operation the valve 
can be made to fit its housing in such a manner as not 
to affect the combustion efficiency, and still be an easy fit for 
reliable working without any short-circuiting of combustion 
products. 

On page 312 the consumption of fuel is stated as `42 lb. per 
brake horse-power per hour, also as °323 lb. per indicated 
horse-power per hour in Table II. The mechanical efficiency 
is normal for the type of engine. The consumption on the 
indicated horse-power basis seems high. Can Mr. Love offer 
any explanation concerning this high figure? What ‘vas the 
method used to drive the indicator? If eccentric rods on the 
cam-shaft are used, an extremely careful setting of the pulley 
is required, and care in design to ensure that the harmonic 
motion of the eccentrie rod is the same as the main piston. 
It would be interesting to know the mean indicated pressure 
of card No. 7, Fig. 11, taken during a reversal. Why is it the 
practice in this engine to come on fuel with the fuel notch in 
full-power position? 

In Table II reference is made to the use of one or two com- 
pressors. Was the engine tested fitted with two compressors, 
only one being used on occasions? With reference to the heat 
balanee, Table III, no allowance for piston friction has been 
made. The heat generated in friction in the liner will be found 
in the cooling water, and as this work is also included in the 
indicated work, the difference stated as 2'4 per cent. for 
radiation would prove to be higher on a correct computation. 

Mr. A. D. Bruce (Associate Member): Mr. Love states that 
the fuel consumption was :42 lb. and :44 lb. per brake horse- 
power per hour during the 100-hour trial and the 10-hour 


340 THE BEARDMORE-TOSI DIESEL ENGINE 
Mr. A. D. Bruce. 


trial respectively. These figures are not as good as are claimed 
by the various manufacturers at present, but are probably the 
values that would be obtained if those manufacturers sub- 
jected their engines to test without special adjustment. The 
heavier fuel consumption, ‘44 lb., is quite patural, as in a 
short trial steady conditions have not had time to be estab- 
lished, such as is the case in a long trial of 100 hours. Of 
course, these values depend greatly on the mechanical 
efficiency, which in turn depends on the type of engine and 
the number of pumps driven from the engine. But making 
allowance for that, it appears that some of the figures 
published are not reliable, or at least the basis of such figures 
is not clearly stated. Very good figures for fuel consumption 
can be obtained, not when running the engines under conditions 
similar to those existing at sea, but by specially tuning up, 
that is by increasing the compression pressures, cooling-water 
temperatures, lubricating temperatures, adjusting the point of 
ignition, resulting in much higher pressures, etc., than are 
allowed by Lloyd's rules, and by using fuel-valve flame plates 
which are too refined to be of much use at sea, on aecount 
of the tendency to clogging with carbon. А fuel consumption 
of "89 №. per brake horse-power per hour has been obtained 
in a well-known opposed-piston engine of the two-cycle type. 
Even allowing for greater scavenging efficiency and consequent 
reduction in the horse-power absorbed by the scavenging 
pumps, the fuel consumption of the two-cycle engine should 
not be во low as :39 lb. per brake horse-power per hour if 
the consumptions given are normal for the four-cycle engine. 
It has been stated that four-cycle engines can show a fuel 
consumption of :365 lb. per brake horse-power per hour, at 
least one manufacturer quotes this figure, and the veracity of 
the statement cannot be doubted. Nevertheless, 1% seems 
reasonable to suggest that the basis for such a figure must 
be different from that used in the case of the Beardmore-Tosi 
engine when giving a consumption of "42 lb. per brake horse- 
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power per hour. The Scott-Still engine, specially designed 


for utilising what is waste heat in the purely oil-engine, only 
gives figures in the neighbourhood of :365 lb. per brake horse- 
power per hour, and something should be done to explain this 
apparent anomaly. 

I should like to ask Mr. Love why the Beardmore-Tosi 
engine is fitted with fuel valves having flame plates contain- 
ing only one orifice instead of a series of jets, as the latter 
is now considered to be more efficient from the point of view 
of penetration and distribution, thus reducing the fuel con- 
sumption. There is no doubt that the glandless fuel-valve 
illustrated in the paper has much to recommend it, as sticking 
of the fuel-valve spindle is thereby practically eliminated. 

Mr. Love: I am much indebted to the various gentlemen 
who have taken part in the discussion, and thereby added to 
the value of the paper. 

Mr. Campbell refers to the sea trials of the motor ship 
°“ Pizarro," and gives some details of the manceuvring trials 
carried out in accordance with Lloyd’s survey requirements. 
The actual results achieved with this vessel when passing 
through the Manchester Ship Canal without tugs are f- lly 
detailed in the remarks by Mr. B. Salisbury, the chief 
engineer, and Mr. A. J. Brown. The particulars given by 
these gentlemen indicate clearly what can be accomplished 
under ordinary service conditions, and I would specially call 
attention to the minimum speed at which the engines can be 
operated, namely, 28 revolutions per minute. The following 
table may be of interest, and gives the results obtained during 
the sea trials of the '' Pizarro," on 8th January, 1928, on a 
course between the Cloch and Cumbrae Lights. The exhaust 


gas analysis indicates that very complete combustion of tke 
fuel oil was attained : — 
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Mean draught, 11 feet 4 inches. Displacement, 2,210 tons. 

Mean speed, 12 knots. 

Indicated horse-power, 1,390. Average revolutions per minute, 123-25. 
Average mean indicated pressure, 84 lbs. per square inch. 

Blast pressure, 1,000 lbs. per square inch. 


Manceuvring gear position, 4. 
Pressure lbs. 
per 
square inch. 


Jacket circulating water ol s . ә : : В x 16 
Lubricating oil - - - - - 5 > : : : 13 
Piston cooling water - - - - - - - - - 15 
Compressor Г.Р. stage delivery - - - - : : З 52 

j ГР, с» » - . - . қ ; - 95 

» H.P. 34, - - . - - - - 1050 

Temperature 
degrees F. 

Sea - - - - - - - - . А é 49 
Cooling water outlet at cylinder heads - - - - - 115 
Compressor cooling water inlet - - - : қ s Е 49 

j % » outlet - - Е : қ : 68 
Piston cooling water supply - - - 4 $ , 60 

» وو‎ » outlet - - = - Е F ы 95 

Atmosphere in engine room - - - : Я А : 54 
Exhaust gas (average) - - . З , à š - 600 
Fuel oil used, Anglo-Persian. 
Specific gravity at 60 degrees Е. - - - +901 
Viscosity at 100 degrees F. - - - - 110 seconds, Redwood No. 1. 
Flash point (closed) - : - - - 184 degrees F. 
Calorific value - - - - - - 19,057 B.Th.U’s. (gross). 


Analysis :—Carbon 85 рег cent., Hydrogen 11-7 per cent., Sulphur 1:72 per cent., 
Oxygen 1:58 per cent., Asphalt 3:36 рег cent., Coke 3°83 per cent., 
Ash “018 per cent. 

Exhaust gas analysis. Average sample over period of one hour. 


By volume, 

per cent. 
Carbon dioxide CO, - - - - - - - - 8-5 
Hydrogen Н, - - - - - - - - - Nil. 
Carbon monoxide СО - - - - - - - - Nil. 
Methane CH, - - - - - - - - - Nil. 
Oxygen O, - - - - - - - - - - 9-41 
Nitrogen №, - - - - - - - - - - 82-09 


100-00 
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Mr. Richardson points out the importance of special study 


being given to design, construction, and operation, and I agree 
with him that it is difficult to place them in order of import- 
ance. However, it is certain that, provided the designer 
utilises the large store of information available, and that the 
construction of the machinery is carefully carried out, there 
1з no reason to doubt that satisfactory operation in service will 
be obtained. The successful operation of the Diesel engine in 
service calls for knowledge which is only obtained by 
experience, and I consider that may be left to the sea-going 
engineer, who, in the past, has proved his ability to adjust 
himself to the operation of new types of propelling machinery. 

Mr. Butler and Mr. Clarke each refer to the continuous 
indicator diagrams taken during reversal, Fig. 11. These were 
taken with an indicator fitted with a special drum carrying a 
roll of paper. The gear on the drum is so arranged that the 
paper moves forward a small amount at the end of each return 
stroke, thus allowing the pencil to trace out the cards with 
a certain space between each. Regarding economy in the use 
of starting air, the results obtained on the test bed and sea 
trials have been excelled in service, as will be seen by examining 
the extracts, from the movement book of the ‘° Pizarro,’ 
which Mr. A. J. Brown has given in his remarks. 

Mr. Riddlesworth refers to Figs. 18 to 16 showing indicator 
cards from a three-stage air compressor under suction throttle 
control, and draws attention to the small amount of variation 
in the suction pressure under varying throttle opening. I agree 
that under one-quarter throttle conditions the suction line 
should be below the atmospheric line, and, from examination 
of records of gauge pressures taken during the trials, I find 
that a vacuum gauge connected to the suction gave a reading 
of from three to four inches vacuum. Regarding the most 
satisfactory method of varying the quantity of air delivered by 
a compressor, I am of opinion that quite satisfactory results 
can be obtained by throttling the suction, provided the staging 
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and stage clearance volumes have been arranged to give 
moderate discharge air temperatures under the throttled 
conditions. 

Mr. A. J. Brown refers to the variable fuel-valve lift which 
may be obtained with the Beardmore-Tosi manceuvring gear, 
and calls attention to the ease with which dead-slow running 
сап be achieved. ‘This variable lift, accompanied with 
later fuel-valve opening, is obtained simply by moving the 
Manceuvring gear to any required position between positions 
No. 4 and No. 5 on the manceuvring dial, Fig. 10. With the 
pointer at No. 4 position, the necessary fuel-valve lift and 
timing for full-power conditions are obtained, while inter- 
mediate positions between No. 4 and No. 5 give reduced lift 
and later timing to suit reduced power and speed conditions. 

Mr. Salisbury's remarks form a valuable contribution, as they 
give first-hand information regarding the behaviour of the 
machinery under his charge. His remarks on fuel-pvmp 
tappet adjustment I have carefully weighed, and, after fully 
considering the question from the sea-going engineer's point 
of view, I agree that outside adjustments would be an advan- 
tage. This alteration in the case of the machinery mentioned 
only entails the insertion of an adjusting pin at the head of 
each tappet. I can assure Mr. Salisbury that there is no 
mystery connected with the use of fusible metal plugs to 
ascertain the approximate temperature of certain parts. The 
procedure adopted was to place small pieces of alloy, with 
known melting points, in plugs inserted into the part of which 
it is desired to measure the temperature. After a period of 
running, the plugs were removed, and the approximate 
maximum temperature which the part had reached was 
estimated to be between the fusing temperature of the alloy 
which had melted and that which had not. 

I agree with Mr. Chaloner that the question of filtration of 
the circulating water is an important one, especially when a 
vessel is required to sail in sandy or muddy waters. In the 
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vessels referred to in the paper provision was made for water 


from one of the ballast tanks to circulate in the auxiliary 
generator engines, during the time the vessel was lying in sandy 
rivers. It is quite a usual procedure to interconnect the main- 
and auxiliary-engine circulating systems, thereby reducing the 
number of pumps required. In certain installations at present 
under construction, the maximum receiver pressure has been 
fixed at from 850 to 375 lbs. per square inch. There is no 
difficulty in starting up the Beardmore-Tosi engine from cold 
with a starting-air pressure of 800 lbs. per square inch. 
Regarding the consumption of lubricating oil, the quantity 
given in Table V is on the high side, and points to excessive. 
lubrication, but the figure quoted for the generator engines is 
not high when it is considered that they are of the trunk-piston 
type and operate at 250 revolutions per minute. The indicated 
horse-power required to drive the '' Pinzon'' at 10:5 knots 
on a draught of 17 feet 6 inches is estimated to be 1,500. No 
special type gauges were used on the auxiliary generator 
engine, but in consequence of the gauges being marked in 
atmospheres, the pressures when converted to lbs. per square 
inch give the impression formed by Mr. Chaloner. 

General Goloff introduces the question of the internal- 
combustion turbine, but so far as I can say this type of motor 
is not yet beyond the experimental stage. I agree that the 
turbine principle is the line on which to proceed to attain high- 
.power machinery combined with minimum weight, but a large 
amount of research work will require to be carried out before 
a practical solution is evolved. 

Mr. J. S. Brown is to be thanked for investigating further 
the continuous indicator diagrams shown in Fig. 11. His 
investigations show that Diagram No. 7 is quite a normal over- 
load card. I agree that the heat balance would be more 


accurate if based on brake horse-power, as in the following 
table : — 
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Мг. Robert Love. 
B.Th.U’s. Percentage 


per minute. cee. 
Heat due to fuel oil - Б - - қ - 168,800 — 
Heat equivalent to brake horse-power - - - 55,100 33-4 
Heat carried away by cooling water - - - 42,021 25°6 
Heat carried away by piston cooling water - - 10,500 6:5 
Heat carried away by exhaust - - - - 28,500 17-4 
Heat carried away by compressor cooling water - 6,740 4-1 
Heat lost by friction, radiation, etc., by difference -- 13 


Mr. Hutcheson takes exception to the statement that the 
engine follows usual marine steam practice, and says that it 
rather resembles the usual reciprocating engine. It seems a 
pity not to admit the debt owed to the marine steam engine, 
which has given the Diesel engine designer such an excellent 
guide for the main principles of his engine. The indicator gear 
used on this engine is of the normal marine type, actuated by 
a lever driven from the crosshead. 

Mr. Bruce’s remarks regarding special tuning for fuel con- 
sumption purposes are very interesting. The results given in 
the paper were obtained without any special tuning of the 
engine, the valve settings and compression pressure being 
exactly as at present in service at sea. Concerning the ques- 
tion of flame plates containing more than one orifice, my 
experience has been the smaller the orifice the more easily 
it becomes choked with carbon, and, in spite of any advantage 
which may be obtained in the direction of improved consump- 
tion, the difficulties due to choking make it more desirable to 
go to the extreme and fit one, and therefore the largest 
possible, orifice in the flame plate. This has been borne out 
in practice. 


SOME OIL ENGINE EXPERIMENTS. 
By A. I. NicHouson, B.Sc., 


Associate Member of the Institution. 


138th March, 1928. 


A NUMBER of papers have been read recently before this 
Institution upon oil engines. These have dealt with the 
broader aspects of the subject, and, in view of the important 
place the oil engine is taking in marine propulsion, have 
been of great interest to the members of this Institution. 
The paper now presented also relates to the oil engine, but 
from a different point of view. The success of any engine 
being dependent upon the solution of the numerous problems 
in its design and construction, the purpose of this paper is 
to record some experimental results upon certain details met 
with in oil engine design, in the hope that they may help to 
illuminate some of the more elusive elements. 

The experiments which form the subject of this paper were 
carried out on a combined oil and steam engine, but they have 
been specially selected and presented with a view to their 
being of value and interest to oil engine designers and users 
in general. The engine referred to was an engine working on 
the Still principles, and known as the Scott-Still engine. It 
was designed, constructed, and tested by Messrs. Scotts’ Ship- 
building and Engineering Co., Greenock. Particulars of this 
engine will be found in a comprehensive and valuable paper 
which Mr. Archibald Rennie read to this Institution last year, 
and reference to it should be made for any supplementary 
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information desired upon the points 'ealt with in the following 
pages. 

Before giving the results of experiments that were carried 
out, it may be well to refer briefly to one or two features con- 
nected with the experimental gear. 

The engine, with all its necessary fittings, pipes, and auxili- 
aries, was erected on the test bed, as shown in Figs. 1 and 2 
The power was absorbed and measured by a Froude dynamo- 
meter manufactured by Messrs. Heenan and Froude. This 
dynamometer was found to be a very satisfactory instrument. 

The fuel was measured by drawing it from graduated tanks. 
Two were provided, one being in use at a time. The calibration 
of these tanks was checked more than once to ensure accuracy. 
À method of weighing the fuel oil was tried, but the readings 
obtained did not appreciably vary from those obtained from 
the calibrated tanks. The drawback to calibrated tanks is 
that allowance must be made for the temperature of the oil 
in the tank and for its specific gravity. On the other hand, 
calibrated tanks are easy to manipulate. 

A variety of indicators were used at different times, includ- 
ing & Hopkinson flash-light indieator. The indicator gear 
fitted was of the lever reduction type, designed to give a 
mathematically correct reduction. Ground case-hardened pins 
and bushes were used throughout, and a heavy spring was 
applied to the end of the lever to eliminate any reversal of 
load upon the bearings. 

It is very difficult to eliminate errors from combustion 
indicator cards. Very slight slackness in any part of the gear, 
say in the indicator drum, in the indicator, in the driving 
levers, cords, or links, makes a considerable difference. The 
area enclosed in the card is very small, and so crowded to 
one end of the card that very slight inaccuracy arising from 
any one or a combination of the above elements affects the 
results obtained. Inertia of the parts also tends towards 
inaccuracy, and even at low speeds it is found that inertia 
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has an effect. The temperature and general conditions to 
which the indicator pistons are subjected calls for frequent 
cleaning of the indicator, and the more frequently this is done 
the better. From considerable experience of indicator cards 
and the process of taking them, it is suggested that oil con- 
sumptions guaranteed upon a basis of indicated horse-power 
should never be accepted. 

It was not always possible during the trials upon the engine 
to adhere to the excellent experimental rule of altering опе 
variable at a time. In some cases a number of variables were 
interdependent, and variation of one affected all the others. 
There were occasions, too, when it was inexpedient to vary 
one thing at a time, for the whole purpose of the experiments 
upon the engine was to make the engine workable, reliable, 
and commercially competitive. 

In the results which are presented, comparisons have been 
made between figures taken under conditions as closely com- 
parable as possible in every case. In an experimental plant 
of a size where a number of men are required to run it, 
inconsistent readings can hardly be avoided, while mechanical 
changes creep in which cannot always be controlled. 

In some of the curves that follow, the results are based on 
oil per hour per brake horse-power, because this is considered 
to be the most reliable and the most satisfactory basis for 
an engine of the type. The brake horse-power used 
throughout was the power measured at the dynamometer, 
without allowance for any scavenging blower power. The 
results given represent what the engine was doing under the 
conditions existing at the time, and are ш no way representa- 
tive of the best that could be done, but, as mentioned above, 
each set of results is as closely comparable as possible. 


The following subjects will be considered : — 


1. Leakage of oil at pump plunger packings. 
2. Mechanical efficiency and engine friction. 
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9. Fuel injection experiments. 


(a) Atomisation of fuel. 

(b) Penetration of air charge by fuel jets. 
(c) Distribution of fuel in the air charge. 
(d) The relative importance of these factors. 


4. Detonation. 
9. Seavenging as affected by piston shape. 


LEAKAGE OF OIL AT PuMP PLUNGER PACKINGS. 


As it was considered desirable to try to eliminate packing 
from the fuel pump plungers, and as the fuel injection pres- 
sure to be used was high, it was decided to construct a test 
gear on which experiments upon the leakage past plungers 
without packing could be carried out. | 

Fig. 8 shows the general arrangement of the testing gear 
that was constructed. It was regarded as essential to have 
the plunger reciprocating, and as there was little power avail- 
able it was decided to have two pistons attached one to 
the other, and moved in and out together. This eliminated 
all unbalanced load due to fluid pressure, reduced the work 
to be done, and made the movement of the piston a simple 
matter. А belt and pulley drive was used, and on the pulley 
shaft was fitted an eccentric which pressed upon the piston 
end, pushing it in, while a spring returned it. 

The first tests were made with ground steel case-hardened 
plungers, and cast-iron liners reamed to size. The fits were 
not so good as were obtained in the second series of tests, 
when a shorter cast-iron liner, referred to as B2, was used 
with the hole ground to size. The first liner was 12 inches 
long, Fig. 5. The second liner, Fig. 5, was ground over a 
length of 4% inches, ог 8:18 times the diameter (which was 
14% inch), and it was made so that it could, when reversed, 
be under entirely different pressure conditions (as will be 
understood from а later reference), 
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The following indicate the fits that were measured at the 
end of the tests : — 


Plunger  - - - 1:487 inch 
B1-Reamered liner - 1:489 to 1:441 inch. 
B2-Ground liner 4 1:438 inch. 


Tests of leakage of oil and of the spring load required to 
return the plungers were made with the plungers running, and 
also with the plungers stationary. Except for the stationary 
test, all the tests were made after having run the gear for 
84 hours. The same plungers were used throughout, 1.6., with 
the two types of liners. The running speed was 132 double 
strokes per minute, equivalent to a main engine speed of 182 
revolutions per minute. 

Two oils were used—a heavy oil of ‘945 specific gravity at 
52 degrees F., and paraffin having a specific gravity of `81 
at 52 degrees F. A hand pump and a high-pressure air bottle 
were used to maintain the desired pressure for the tests. 

Test Results. A series of eight curves are shown on Fig. 4, 
and were obtained under the conditions stated thereon. These 
represent the leakage measured in fluid ounces, at different 
pressures of oil in the pump casing. It will be seen from 
curves 1 and 2 that paraffin had a higher leakage than the 
heavy oil. A groove was cut in the liner to test its effect. 
The position of this groove in the liner is shown in Figs. 5 
and 6. Usually grooves are put in the moving part, but this 
was not desirable, for the plungers were case hardened. The 
effect of this groove was to increase the leakage. 

The liner was next reduced successively to 10 inches and 
7 inches in length, and tests made to compare the leakage. 
The two inches and three inches were removed from different 
ends, as seen in Fig. 5. During this test a hole which was 
drilled into the groove in the liner already referred to was 
closed by a pressure gauge. 

The leakage increased as the length was reduced, as shown 
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in Fig. 4. The second liner with which the remaining tests 
were carried out was in every way a better job, the casting 
and machining being better, the short length making accurate 
machining easier. The leakage with this ground liner, shown 
on curve 6, Fig. 4, was substantially less than with the other 
(see curve 5 for nearest length). Also, it may be noticed that 
the leakage increases with the pressure and then decreases, 
suggesting that the liner is being closed upon the plunger at 
the higher pressures. This seems to be very likely, for the 
outer diameter of the liner is subjected to the fluid pressure, 
while the inner surface, in contact with the plunger, is sub- 
jected to a considerably smaller pressure depending upon the 
amount of leakage between the liner and the plunger. At 
the same time the outer surface is 2°44 times the inner surface, 
so the crushing pressure may be considerable. To settle this 
point, the liner was inserted in the casing in the reverse 
direction, i.e., end for end. When in this position there was 
no opportunity for the liquid to close the liner upon the plunger, 
as shown in the sketches of Fig. 5. Тһе result shown in 
curve 7 proves this conclusively, for the quantity of leakage 
was considerably more, being fully eight times as much at a 
pressure of 2,000 lbs. per square inch, while at 3,000 lbs. it 
would have been many times more than it was before reversing 
the liner. In addition the nature of the curve is quite different, 
as reference to curves 6 and 7 shows. It may be noted that 
for the same reason the character of the curve of the 7-inch 
liner is different from that of the 10-inch and 12-inch liners. 
A test of the leakage of the plunger when stationary was made, 
and, as will be seen, the leakage was almost half that when 
the plunger was moving. 

Tests were made to determine the friction of the plunger 
in the liner or packing. This was done by measuring the 
minimum compression required on the spring to Кесер the 
plunger on the cam. The friction was taken as the load on 
the spring when the plunger was at the outer end of its stroke. 
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Fig. 5 shows the maximum friction load, measured in this 
way, for the different cases represented in Fig. 4. It may 
be noted that the ground liner, i.e., the more accurately fitting 
liner, had a greater friction than the reamered liner, even 
though it was of shorter length; but a plunger fitted with 
special white-metal packing rings had the greatest friction of 
all. It may be mentioned, however, that the leakage with 
this white-metal packing was almost negligible, though the 
packing process was a very lengthy one. As a matter of 
interest, the pressures measured at the groove which was cut 
in the reamered liner are shown in Fig. 6. On dismantling 
the gear the plunger was found to be polished in way of the 
inner end of the liner, as would be expected. The fuel oil 
was not filtered, but no scoring of the plunger or of the liner 
could be detected. 

As a result of these experiments the fuel pump fitted upon 
the experimental engine was constructed with a liner similar 
to B2, as the leakage was found to be small, and with proper 
collecting arrangements little or none of it need be lost. At 
the same time the friction of the plunger in the liner was 
small, and fairly definite in amount. Tests of the leakage 
upon the actual pump with liner, and pump plunger based on 
the above results, confirmed the characteristics of curve 6 in 
Fig. 4, for the leakage was less at 5,000 lbs. than at 2,000 lbs. 
per square inch. 


MECHANICAL EFFICIENCY AND ENGINE FRICTION. 


The power absorbed by any machine in simply driving it 
round is a very important factor in fixing the efficiency of the 
machine. No matter what the power developed by the 
machine may be, the effective power output is what remains 
after deducting the frictional horse-power. 

In reciprocating engines where there are а considerable 
number of rubbing surfaces the loss from friction is consider- 
able, and in oil engines where the piston surfaces play a large 
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part in causing the losses the mechanical efficiency is lower 
than in steam engines. The losses can be fairly readily deter- 
mined from reciprocating engines when the brake power is 
known, for the indicated power can also be determined. 

It appeared from a number of results on the engine under 
consideration that the frictional torque, or the friction 
expressed in terms of a pressure per square inch of piston 
area, changed slightly with the revolutions, and it did not 
appear to change much with the load on the engine. It seems 
very probable that the same will hold for all oil engines when 
auxiliaries such as air compressors and scavenging blowers are 
excluded. This is, therefore, a very convenient figure to 
determine for any engine, since from it the horse-power 
absorbed in overcoming the mechanical friction of the engine 
at any speed can be determined. 

In the case of the experimental Scott-Still engine, there 
were two ways available to determine the frictional mean- 
pressure, namely :— 


By running the engine light on steam only, or 
By comparing the brake power with the indicated power. 


The figure so obtained represents the power absorbed in the 
main engine bearings and piston, in the auxiliary engine bear- 
ings and piston, and in all the pumps driven by the engine, 
namely, regenerating circulating pump, and fuel injection 
pump for the oil side; the air pump, feed pump, and 
high-pressure valve gear pump required for the steam side; 
and in the windage of the fly-wheel. The existence, there- 
fore, of these extras about the engines lowers the mechanical 
efficiency, but the effects of all of these are included in the 
figures following. 

A third method was also adopted as a check upon the others. 
The engine was put up to full speed, then every source of 
external power was shut off, and counter readings taken every 
few seconds. From these results, knowing the moments of 
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inertia of the rotating portions of the engine, it is possible to 
deduce the engine friction. Steam cards gave a frictional 
mean-pressure of about 10 lbs. per square inch of piston area 
calculated as acting during the combustion stroke. That is, 
if the indicated mean-pressure were 90 lbs. per square inch, 
the brake mean-pressure would be 80 lbs. However, as an 
average from a great many readings, the engine friction with 
the engine on load was found to vary from 8 lbs. at 70 revolu- 
tions per minute to 11 lbs. at 180 revolutions per minute. 


Running Down Test. In Fig. 7 is plotted one set of read- 
ings from a stored energy or running down test carried out 
under the conditions previously referred to. From this, by 
graphical differentiation, a revolutions-per-minute curve has 

Ix o 


been obtained, and from the relationship that torque= 


where I- moment of inertia of the rotating weights of the 
engine in lbs.xft.?, and w=angular retardation in radians 
per second, it is possible to determine the frictional mean- 
pressure in lbs. per square inch of piston area over the 
range of the test. The friction curve so deduced is also given. 
It will be seen that this gives values varying from 13 lbs. to 
8:25 lbs. 

Great aecuracy cannot be obtained in the ordinary course 
in a test of this kind, for the revolutions read from the counter 
are to the nearest whole number only. The results are, 
however, reasonably in agreement with the figures deduced 
from indicator cards and given above. 

Mechanical efficiency curves have been plotted in Fig. 8 
for:— 


1. Constant revolutions (as for electric generating engines). 
In this case the revolutions per minute equal 120. 


2. Revolutions varying as the cube root of the power, i.e., 
approximately in accordance with the variation of revolutions 
and power on board ship. 
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These curves have been constructed on the basis of fric- 
tional mean-pressure given above. It will be seen how quickly 
the mechanieal efficiency falls off at low powers when the 
revolutions are kept constant. This suggests that electrical 
engineers might well consider if generators could not be regu- 
lated in some other way than by maintaining constant speed 
at all loads. 

In Table I some trial results of several types of engines 
have been collected to show the losses due to mechanical 
friction. It will be seen, for example, that there is little 
difference in mechanical friction between four-cycle and two- 
cycle engines. 


FuEL INJECTION EXPERIMENTS. 


Before referring to some of the experiments carried out in 
connection with the injection of the fuel into the cylinder, 
a few explanatory remarks may be made upon the system 
employed. 

Airless fuel injection was the system in use, that is the oil 
was injected under pressure and not blowh in by air. One 
fuel pump was used for the cylinder, so arranged that it dis- 
charged only during the injection period. The pump was 
driven by a cam on, or connected directly to, the crank shaft. 
The fuel valve was of automatic type, opening whenever the 
oil pressure reached a certain predetermined amount and 
closing whenever the pressure fell to a definite amount. The 
pump was of ample capacity to discharge from two to three 
times the amount of oil necessary, and a combined relief and 
spill valve was fitted in the oil discharge system, so that any 
desired amount of oil might be allowed into the combustion 
cylinder, the remainder being automatically relieved by the 
valve opening under pressure, and/or finally spilled from the 
system by the valve being positively lifted off its seat. 

Given a certain form of cam and a fixed size of pump 
plunger, the rate of pumping was fixed when the revolutions 
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per minute were fixed. The rate of injection of the fuel into 
the cylinder depended upon the rate of pumping, but was not 
necessarily equal to the pumping rate, because of the existence 
of the relief valve on the system. In reality the rate of 
injection depended upon the area of the oil fuel spray holes 
and the mean oil pressure maintained at these holes, and the 
period over which it was maintained. The determination of 
the oil pressure in the system was very difficult, for the whole 
injection process occupied only about „4 second, and the rise 
in pressure from zero to about 6,000 lbs. per square inch took 
place in about ły second. Attempts were made to find out 
the maximum pressure of injection, and readings were secured, 
but their accuracy could hardly be guaranteed. 

A little consideration of the features inherent in the system 
of injection under which the following experiments were 
carried out will show that in some respects the system is not 
a very suitable one for experiment, as it is almost impossible 
to change one variable at a time, since the variables are all 
more or less interdependent. The results following should, 
therefore, be considered in the light of the above explanatory 
remarks regarding the system of injection. For instance, 
every change made, as, for example, in the size of spray holes, 
had some small effect on the period of injection and the pres- 
sure at which the injection of the oil took place. Slight 
changes in these factors were found to have little effect upon 
the combustion, and thus may reasonably be neglected. It 
may be uscful, in forming some idea of the injection process, 
to consider how much fuel oil was pumped into the engine 
cylinder during each stroke when at full power. Taking about 
120 lbs. of oil per hour, the equivalent volume of oil injected 
each revolution amounted to ‘5 cubic inch, or the equivalent 
of a spherical ball one inch in diameter. If this were injected 
through eight holes of 24 thousandths of an inch diameter, the 
equivalent jet length for each one would be about 114 feet. The 
usual period during which the fuel valve was open was about 
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20 degrees of crank angle, and the full open period was 
about 13 degrees, or, say, "018 second at 120 revolutions рег 
minute. 

(a) Atomisation of the Fuel. The first jets tried had spray 
holes of 20 mils diameter, and for some time after the tests 
began no other means of atomisation than by small holes and 
high pressures were considered. The results, however, that 
were obtained in the first set of trials were not very promising, 
and new means of atomisation were considered. 

(1) Vortex or ‘‘ Whirling " Sprayer. 

Boiler oil-fuel burners were known to atomise the oil under 
very low pressures, and the principle on which these worked 
was to ‘‘whirl’’ the oil. It was not expected that with the 
spasmodic discharge of the engine very good atomisation would 
occur with such a jet, but on trying a spray orifice having 
part of a helical groove cut in it, excellent results were 
obtained in the open. It had become customary to test all 
sprayers in the open before trying them in the engine, and 
the tests with a plain hole sprayer showed that the jets were 
atomised finely at the circumference, but had a core of 
unatomised oil. A candle held in way of the sprays might 
be extinguished, and very seldom would set the oil alight. А 
torch would set it alight, but the combustion was rather 
leisurely. Оп the other hand, a vortex or '' whirling’’ sprayer 
gave an exceedingly fine cloud of oil, which floated up into 
the atmosphere above the valve. A candle held in this spray 
set the whole off quite violently. The atomisation obtained 
was far ahead of what was obtained with the plain hole 
sprayer, and was practically perfect. It was, moreover, 
obtained with a relatively large passage through the cap, and 
this alone was a feature of considerable value, for it meant 
that the chances of a stoppage, due to particles of dirt lodging 
in it, were negligible compared with the chances where holes 
of 20 or 25 mils are used. It may be mentioned that it was 
the rarest thing, after the first few runs and the adoption of 
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proper precautions, to have any sprayer holes clogged or 
stopped. 

When tried on the engine the results given by this 
‘“ whirling °’ sprayer were poor and disappointing, for high 
loads could not be carried, though at low powers the results 
were quite good. 

(ii) Ejector Sprayer. 

A further device tried was what may be termed an ejector 
sprayer. Atomisation requires energy to produce it. It was 
thought that it might be possible to get an additional source 
of energy by starting combustion of the oil within the sprayer. 
An ejector can be made to draw in from the surrounding 
space, and by fitting a combining tube with an expanding 
nozzle it is possible to deliver against a moderate back pres- 
sure. It was thought that by making a jet of oil draw in 
hot air from the cylinder, combustion might start in the com- 
bining tube and the energy therefrom would assist in dis- 
charging the jet from the nozzle, and give both better 
atomisation and better distribution of the fuel in the com- 
bustion space. Two such sprayers were made, the result 
being & very fine bit of workmanship. In the open they 
sprayed very much like plain hole sprays, but it was impos- 
sible to know if they were functioning as ejectors. In the 
engine their behaviour was not in any way distinguished from 
plain hole spray orifices. It was noticed that the air-inlet 
holes were quite clean after use, indicating that at least no 
oil was being discharged there, and suggesting that they were 
probably drawing in a little air. 

The results, however, were not promising enough to warrant 
further experiment. ; 

(iii) Small Hole Sprayer. 

A very fine hole sprayer was made and tried to further 
determine the benefit of extreme atomisation. In addition, 
this spray had a large number of holes. The results were 
very much the same as the better of the whirling sprayers. 
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Fig. 9 shows the results of these several sprayers. These 
results speak for themselves, and clearly indicate that 
atomisation of itself is not sufficient. Figs. 10 and 11 show 
the vortex sprayer and the plain hole sprayer in operation in 
the open air, the pumping being done by hand pump. An 
exposure of 20 seconds was given, and the hand pump 
operated continuously to give a succession of discharges. As 
a comparison, Fig. 12 shows an eight-hole jet spraying in 
the open when pumped by the engine itself. 

(b) Penetration—Varying Sizes of Sprayer Holes. The oil 
which is injected into the cylinder must, in the first place, 
be atomised to some extent to facilitate combustion. It must 
also be thrown well into the air space to reach the air avail- 
able. It is essential that as much of the air in the cylinder 
as possible be ‘‘interested’’ in the oil, for there is no time 
for any leisurely process of combustion to take place. Unless 
there is turbulence in the combustion space the air will not 
come to the oil, so the oil must go to the air, that is the oil 
jets must penetrate well into the furthest recesses of the com- 
bustion space. 

The ability of a jet to penetrate through air at a pressure 
of 800 lbs. per square inch and about eight times as dense 
as the atmosphere, depends upon— 


1. High speed. 
2. Bulk. 
3. Compactness. 


High speeds call for high pressures, and high speeds are 
favourable to atomisation. A large diameter jet travels 
further than a small diameter one, but is more difficult to 
atomise completely. A jet that is breaking up or atomising 
is not a good '' projectile’’; a non-atomising jet goes further. 
Atomisation and penetration are directly opposed, and the 
practical question, therefore, is: Which is the more essential 
for good combustion? In the preceding section it has been 
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seen that extreme atomisation alone is of no value. In Fig. 13 
are shown some results from sprayers having eight holes in 
each case, but having diameters varying from 20 to 24 mils. 
At 210 brake horse-power there is little to choose between 
the results of these, but as the load increases it will be seen. 
that the 24-mil jets have the advantage. Even at light loads 
they show up better. This latter is hardly what would be 
expected. At 300 brake horse-power and over, the failure of 
the small jets to get at the air in the cylinder is evident. 
More surprising perhaps is the importance of what seems a 
very small difference, namely 20 to 24 mils. The area of 
а 24-mil hole is, however, 44 per cent. larger than а 20-mil 
hole, a difference which is quite substantial. 

When considering these results it may be noted that an 
increase of area of holes such as this changes the pressure 
of injection, but this appears to have very little affect upon 
the consumption rate, and consequently the results on this 
figure are fairly comparable. | 

(c) Distribution of Fuel т the Ат Charge. The effect of the 
penetrative power of the fuel jets has been discussed in the 
preceding section, but it is evident that closely allied with 
this is the provision of an adequate number of jets to 
distribute the oil through the whole of the combustion spacc. 

Many variations of sprayers were made to secure what 
seemed to be called for. Holes in the sprayer cap were varied 
in number from 4 to 25. The sizes of holes were varied from 
10 to 81 mils. The arrangement of the holes was changed 
from one outer ring of holes with a centre hole to three rings 
with a centre hole. The angles of the jets were changed from 
80 to 110 degrees, i.e., the angle measured from jet to jet. 
Changes in the height of the fuel jet body were made to get 
better distribution, while some sprayers were made projecting 
well into the combustion space and having holes directed 
upwards as well as downwards. An interesting feature of 
this latter may be mentioned in passing. It was feared that 
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this sprayer would suffer from overheating due to its length, 
but on taking it out after a trial no evidence of overheating 
could be detected. Apparently the oil passing through it was 
sufficient to keep it cool. Some sprayers having larger holes 
on the exhaust side than on the scavenging side to suit the 
air space above the piston were tried also. 

(1) Varying Number of Holes. 

Some results obtained with varying numbers of holes are 
shown in Fig. 14. These give results with sprayers almost 
similar in all other respects. It will be noted that seven and 
eight holes are better than ten or five, at the high powers. 
Without any question five holes are not to be compared with 
seven after about 200 brake horse-power. This is not a sur- 
prising result, for there are air ‘spaces left between the jet 
cones when only five are provided. On the other hand, it is 
rather surprising that the jet cones appear to object to be 
crowded together. Whenever the jets began to touch, the 
combustion efficiency fell off, and this was observed frequently. 
It was rather surprising, too, that a sprayer cap with the 
holes arranged on two circles invariably gave poorer results 
than one with the holes arranged on one circle, though, on 
a drawing, the distribution of the jets with the former 
appeared to be better. 

Examination in the cylinder showed that a sprayer with 
eight holes in a circle gave jets almost touching one another 
near the piston. 

(ii) Varying Angle of Jcts. 

In addition to the effect of varying the number of holes 
in the sprafer, distribution is affected by the angle at which 
the holes are drilled. The conical top end of the combustion 
cylinder had an angle of 62 degrees from wall to wall. Angles 
of jet holes varying from 80 to 110 degrees were tried on 
different occasions. It was noticeable that the jet marks on 
the piston—blackened spots—did not change in sympathy with 
the jet angles. There was a distinct suggestion from these 
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marks that the jets of oil were actually being bent inwards 
by the boundary walls of the cylinder. Some comparable 
results obtained with angles of 80, 90, and 100 degrees are 
given in Fig. 15. The suggestion from these is that 90 degrees 
is perhaps a little better than 100 degrees, while 80 degrees 
is distinctly worse than 90 or 100 degrees. | 

(d) Atomisation, Penetration, Distribution: Their Relative 
Importance. Proper distribution of the oil is, of course, 
closely tied up with both atomisation and penetration, and it is 
not possible to separate the one effect from the other or the 
cause of the one entirely from the cause of the other, but 
the results given above and the experiences obtained in trying 
to arrive at the best characteristics of a sprayer to suit the 
particular engine under consideration show that penetration 
is of first importance; distribution of second importance; and 
that atomisation is the least important of the three. 


DETONATION. 


At various times in the course of the trials the engine 
showed definite evidence of extremely rapid combustion or 
detonation in the cylinder. These occasions occurred in an 
apparently haphazard manner, and came and went in a 
tantalising fashion. For a considerable time there was an 
impression that the combustion in the cylinder was too slow 
for efficient burning, and it was expected that a condition 
just bordering on the detonation condition would be helpful. 

In the course of the experiments with the engine, conditions 
were finally reached which, quite accidentally, gave the clue 
to the conditions necessary. When the engine was detonating 
slightly, a ‘“‘ ping” could be heard in the cylinder at each 
combustion period. When the detonation was severe, the 
noise was very considerable. At every revolution of the engine 
there was a most severe blow on the parts, just as if the crank- 
shaft was recciving the blow of a large steam hammer. 
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The compression pressures usually varied from 280 to 300 
Ibs. per square inch, but occasion was taken to reduce this to 
about 260 lbs. and lower. The engine was often started up 
as soon as steam pressure was raised in the boiler to a little 
over 100 lbs. The warming up of the engine took place 
naturally by thermal circulation from the boiler (or regenerator) 
to the engine cylinder. This circulation was certain enough, 
but sluggish at the commencement. As a result, it happened 
frequently that the engine started up cold. When the com- 
bination of a cold engine and low compression pressure 
occurred together, it was found that detonation was very 
marked. When this occurred one day and was repeated the 
next day, it was felt that what had hitherto been an elusive 
phenomenon was within reach of explanation. А different 
sprayer was tried to see if detonation in any way depended 
upon the type in use, but the detonation occurred just the 
same. The fuel oil was then changed, but it occurred with 
Anglo-American oil just as with shale oil. It was noticed 
that the detonation became less severe as the engine con- 
tinued to run and warm up. It was also noted that when 
blowing more air the detonation became more severe. On 
the other hand, as the air pressure increased with, say, higher 
revolutions, the severity of the detonation decreased. The 
evidence, therefore, was accumulating that detonation 
depended intimately upon the coldness of the air into which 
the oil was injected. 

It happened that on one occasion the compression pressure 
was reduced to 235 lbs. per square inch, and instead of 
detonation it was found that misfiring was actually taking 
place. Quite plainly, therefore, there was a narrow boundary 
between the one and the other. 

A set of cards which shows the one condition merging into 
the other was obtained, and is shown in Fig. 16. No. 1 
card shows preignition taking place, due to oil remaining from 
the previous stroke, the dotted line indicating what would be 
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а non-firing line. No. 2 shows the existence of the same con- 
dition, but the firing is more marked. In No. 3 the condition 
has changed from one of misfiring to one of detonation. The 
lateness of ignition will be noted in this case and in 3a. 
Cards 4, 5, and 6 show evidence of detonation and no evidence 
of misfiring such as in No. 1. 

In Figs. 17 and 18 a series of cards are reproduced showing 
very violent examples of detonation at starting up. These 
change into more normal firing cards as the load increases 
and the engine warms up. It will be noted from these cards 
that severe detonation accompanies a late commencement of 
ignition, and it may, therefore, be concluded that it arises 
from delay in the commencement of ignition causcd by an 
inadequate firing temperature in the cylinder, followed by a 
very rapid burning of the oil which has accumulated between 
the commencement of injection and the commencement of 
firing, the accumulated oil being apparantly an important 
factor. In Nos. 16 and 17, in Fig. 18, a number of cards 
have been reproduced together. It is worth noting that in 
each case the initial ignition line is common to them all. From 
18 onwards normal conditions are being established. 

There was no evidence found from any results obtained that 
detonation improved the combustion efficiency. Detonation 
appears to take effect upon the first portion of the injected oil, 
while efficiency primarily is influenced by the completeness 
with which the latter portion of the oil is consumed. 


SCAVENGING AS AFFECTED BY PISTON SHAPE. 


The piston with which the most of the trials were carried 
out was one having a deflecting Пр in way of the air-inlet 
ports, and washing away to the exhaust side as shown in 
‚ Fig. 19. This piston was one of three shapes tried. Various 
experiments that were carried out had shown that scavenging 
was not as good as could be desired, though this was contrary 
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to what the compression samples that were taken from the 
engine at different times indicated. The following experi- 
mental results show, however, that the normal scavenging 
obtained was good by comparison with what was obtained by 
reversing this piston and placing the exhaust side to the 
scavenging-air-inlet ports and the deflecting lip to the exhaust 
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ports. This alteration was a simple one to carry out, involving 
mainly a rearrangement of the fastenings for the piston rings, 
yet the results are of considerable importance. With the 
piston reversed, the first impressions during the test were that 
the reversal of the piston had not spoiled the results, but as 
the load was increased the loss in efficiency became evident, 
and it was considered advisable not to increase the brake load 
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beyond 1,330 lbs. instead of the usual 1,400 lbs. or more. 
Fig. 20 shows the results obtained with the piston in the 
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correct way апа к it reversed. With the piston reversed, 
the efficiency falls off very quickly after 250 brake horse-power 
is reached. 
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It is, therefore, evident that scavenging can be made worse 
in this particular engine by the means adopted, and that, 
therefore, the deflecting lip of the piston serves a useful and 
necessary purpose. This, however, does not necessarily apply 
irrespective of the shape of scavenging ports and inlet pas- 
sages, or when other features of scavenging are introduced. 


The intention of the author in presenting this paper has 
been to give the results as fairly as possible, and he has pur- 
posely refrained in most cases from suggestive comment. 
Anyone in a position to profit by the paper will doubtless draw 
his own conclusions from the data given, according to his 
interest and expericnce. 

In conclusion, the author has to thank very specially the 
firm of Messrs. Scotts’ Shipbuilding and Engineering Co., 
Ltd., Greenock. (who carried out these, and many other 
` experiments, upon this engine), and Mr. James Brown, the 
managing director of that firm, in particular, for permission 
to place these experimental results before the Institution. 


Discussion. 


Mr. W. W. Marriner (Member): The Institution is under 
a deep debt of gratitude to Mr. Nicholson for preparing this 
paper, and showing the difficulties which were experienced 
before the Still engine was brought to its present state of 
efficiency. In speaking on Mr. Love’s paper, Mr. Richardson 
said that with the development of the oil engine papers had 
been recently submitted to technical societies dealing with 
details and not with general principles. It is to be hoped that 
the general principles are understood. After all, the details 
given in Mr. Nicholson’s paper mean either failure or success of 
an installation. It is a trifling matter like a leakage of oil which 
really makes a tremendous difference in the proper running of 
an engine. I had the privilege of inspecting Messrs. Scotts’ 
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experimental engine and having it thoroughly explained to me, 


and I am glad to know that steam, which has been of such 
service in the past, is not being dropped altogether. Speaking 
as one whose aim is to get the highest speed, I may say that 
steam is the only motive power up to the present which can 
carry its own weight in a vessel of over 500 tons at anything 
like high speed. 

Many attempts have been made to introduce internal- 
combustion engines in destroyers, because it is at once 
apparent that such engines have enormous advantages at 
cruising speeds, but so far it has been found impossible to 
instal an engine which did not involve some sacrifice at the 
higher speeds, even although the power of the Diesel engine 
at the highest speeds could be utilised; in other words, it 
could not carry itself. In this connection, the remarks of 
Mr. Nicholson in regard to detonation may indicate a line of 
development from which may evolve Diesel engines able to - 
carry themselves. My first experience of detonation was many 
years ago, when I was visiting the works of the best makers 
of oil engines at that time. I was shown one or two engines 
working perfectly, and another engine working not quite 
so well, and the makers could not understand the cause of 
the trouble. On being asked why they were making their 
engines so heavy, they said, “ We will show you the reason.’’ 
I was taken into a private shed where the troublesome engine 
was running, and it seemed to be going all right. It was 
enormously heavy, and I was asked to put my hand on the 
cylinder. I did so, and the feeling was something like that 
which is experienced if one happens to strike a cricket ball 
with the wrong part of the bat They said that was due to 
detonation, which they did not understand, and which was 
the reason for such heavy engines. I think, therefore, that 
the paper is especially valuable for the explanation it gives of 
some causes of detonation. 

Mr. Harry CLARKE (Member): Most people in papers tell 


SOME OIL ENGINE EXPERIMENTS 383 
Mr. Harry Clarke. 


only of their successes, but Mr.. Nicholson frankly mentions 
the points of failure, and the manner in which they were 
overcome to produce good results. Details of this kind put 
before such an Institution as this are of the greatest possible 
benefit to the members, as it saves them going over the same 
ground and meeting the same difficulties; and such particulars 
on experimental work must be of great benefit to designers. 
Regarding the tests on the fuel pumps, Mr. Nicholson gives 
one or two illustrations of the fuel being discharged from the 
pump and showing the spraying effect in the atmosphere. I 
should like to ask if any observations were made, or photo- 
graphs taken of the oil from the fuel valve discharging into 
air under the normal compression of 800 lbs. per square 
inch, this being the condition under which the oil is required 
to spray and penetrate through the combustion space when 
the engine is working. 

Mr. JAMES RICHARDSON, B.Sc. (Member): I would like to 
join the two previous speakers in expressing our indebtedness 
to Messrs. Scotts’ and to Mr. Nicholson and Mr. Rennie for 
the very full manner in which they have placed on record the 
results of tests carried out on the Scott-Still engine, and to 
hope that others will follow the same procedure with respect 
to the results of their experience. There are one or two ques- 
tions I should like to ask Mr. Nicholson. On the subject of 
mechanieal effieiency, he claims certain advantages for the 
combination of steam and oil as found in the Scott-Still engine. 
Table I gives figures for a number of other makes of oil engine, 
and in his remarks on this table Mr. Nicholson states the 
various pumps and auxiliaries which are driven from the main 
engine. The practice of some constructors is to proportion the 
auxiliaries driven from the main engine more liberally than 
others, possibly for specifie reasons, thereby affecting this figure 
of mechanieal efficiency in a very vital way. 

In the diagrams illustrating the subject of detonation, I 
think it might be emphasised in connection with all internal- 
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combustion work that, not only is the maximum pressure within 


the cylinder a matter of great importance to the designer in 
assisting him to adjust his scantlings for the various parts, his 
areas for his bearings, and so forth, but the rate at which that 
maximum pressure is applied is equally important. In other 
words, the maximum pressure of 500 lbs. per square inch 
reached gradually is very much less wearing on the engine 
than the same pressure reached suddenly. In most cases 
these diagrams show a large and sudden increase in pressure, 
whether or not detonation is taking place, and I would ask 
Mr. Nicholson if that is attributable to the system of injection 
and combustion. Detonation is a subject which recently has 
achieved very great prominence, and originated with the neces- 
sity during the war of increasing the power output of internal- 
combustion aero engines by means of increasing the compres- 
sion pressure right up to the point of detonation. A great deal 
of important work was done in that connection, as well as the 
work carried out by Messrs. Scotts’ which is now before us. 
With the system of the injection of fuel by means of com- 
pressed air, detonation can only take place under extremely 
rare conditions, and then only momentarily and not con- 
tinuously. 

Mr. В. J. BUTLER: Оп page 362 Mr. Nicholson says : —** It 
will be seen how quickly the mechanical efficiency falls off 
at lower powers when the revolutions are kept constant. This 
suggests that electrical engineers might well consider if 
generators could not be regulated in some other way than by 
maintaining constant speed at all loads.’’ In the case of 
alternating current machines the speed will be necessarily 
practically constant to maintain the designed periodicity, and 
the drop in efficiency must apparently be faced, but in direct. 
current machines it will be interesting to hear what method 
Mr. Nicholson would suggest to attain this end. I have been 
considering this subject since the reading of the paper, and 
have, so far, failed to discover a means of maintaining the 
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per minute at a reasonably high figure. 

Mr. Norman Youna (Member): With reference to Mr. 
Nicholson’s remark that constant speed is required for constant 
voltage, it might be pointed out that it is common practice with 
Diesel engines to design the generators with sufficient field 
strength to produce normal voltage at speeds considerably 
below normal. In the case, for example, of an engine develop- 
ing full load at 375 revolutions per minute, it can be arranged 
to have sufficient tension on the governor regulating spring to 
reduce that speed at lighter loads to 325 revolutions and still 
have the normal voltage with a stronger field. At the higher 
speed the voltage is, of course, kept down to normal by 
reducing the exciting current in the generator field. 

Engineer-Commander С. J. Hawkes: I agree with Mr. 
. Nicholson’s remarks concerning the accuracy of ordinary 
indicator diagrams, especially diagrams taken under sea-going 
conditions. For experimental work, it has been my practice 
to arrange for the indicator cylinder and piston to be cleaned 
after taking one diagram, and under these conditions, with a 
satisfactory indicator rig and careful manipulation, the 
diagrams have proved of value for comparative purposes. 

From the experiments with fuel pump plungers, it would 
‘appear that Mr. Nicholson prefers the ground liner. My 
experience with plungers of ,',-inch diameter, however, indi- 
cates that the reamered liner is preferable to the ground liner, 
but this may be due to the difficulty in grinding satisfactory 
liners of such small bore. 

I am in full agreement with Mr. Nicholson's statement that 
the &utomatie valve is not very suitable for experimental 
work, owing to the uncertainties introduced and to the fact 
that the period of injection is not under direct control. For 
this reason I have preferred to carry out preliminary experi- 
ments with a controlled valve, and use the information thus 
obtained for designing the automatie valve. Atmospheric 
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testing of fuel sprays is, in my cpinion, of little value. One 
soon finds that the sprayer which appears to give the best 
spray in the open is frequently the inferior sprayer in the 
engine, but much depends on the shape of the combustion 
space. Atomisation and penetration are, as Mr. Nicholson 
states, directly opposed, and in addition, as he points out on 
page 370, experiments have indicated that there should be no 
interference between the jets, in fact a jet should not be 
touched after it is formed. It is presumed that the brake 
horse-power in the curves for consumption per brake horse- 
power, Figs. 9 and 13, includes the power developed by steam 
generated by waste heat. 1% seems to me that the results 
would have been more valuable, from the point of view of 
general information, if the consumptions had been plotted 
against combustion indicated horse-power and combustion 
brake horse-power. What brand of fuel oil was used during 
these trials? —— | | | 

With = solid-injection’ engines опе frequently encounters 
excessive pressures at starting, causing, as Mr. Nicholson 
states, severe blows on the mechanism, but. I do not think 
that in all cases this can be regarded as detonation. Excessive 
starting pressures are also obtained with air-injection engines, 
but they can be reduced by lowering the blest pressure. Ров- 
sibly there may have been slight detonation in the engine 
referred to by Mr. Nicholson, but I am inclined to think that 
the excessive pressures were due to delayed ignition, on 
account of insufficient temperature in the combustion space, 
and to the general combustion of the oil following the мо of 
control of the injection, and not to detonation. 

The detonation to which I referred in the paper read Б 
the North-East Coast Institution of Engineers and Ship- 
builders, in November, 1920, occurred not when the engine was 
cold, but when it had been thoroughly warmed. Although 
detonation under certain conditions was most marked, it-was not 
accompanied by the heavy blows referred to:by Mr. Nicholson, 
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an explosion engine. In this case detonation did not arise 
from delay in the commencement of ignition, but it was due 
to the speed of injection, other conditions being favourable to 
detonation. In the experiments to which I referred there was 
distinct evidence that, within limits, detonation resulted in 
improved efficiency. It would appear that Mr. Nicholson did 
not experience detonation when his experimental engine was 
thoroughly warmed through, nor should I expect detonation to 
take place with solid injection as at present fitted. I am 
unable to agree with Mr. Nicholson that '' Detonation appears 
to take effect upon the first portion of the injected oil.’’ In 
my opinion, true detonation is due rather to the very rapid 
consumption of the last portion of the oil to be consumed, and 
this would account for the slight increase in efficiency accom- 
panying detonation. 

Fig. 19 gives a sketch of one of the pistons used in the 
experimental engine. It would be interesting if Mr. Nicholson 
could show the piston, the upper portion of the liner, and the 
cover, indicating the position of the fuel valve. 

Mr. W. R. Cummins (Member): The experiments carried 
out by Mr. Nicholson, which indicate the cause of the rather 
mysterious phenomenon called detonation, are very instructive. 
In summing up the deductions from his experiments, he says 
that ‘‘ detonation depended intimately upon the coldness of 
the air into which the oil was injected.’’ I take it that he 
means if the air is too cold to ignite the fuel injected at the 
end of the first compression stroke, sufficient fuel will remain 
in the cylinder as to form, together with the fuel injected at 
the end of the second or third compression stroke, a super- 
charge of fuel which, on ignition, will cause a detonation. 
It may be asked why the fuel not ignited at the end of the 
first compression stroke should ignite at the end of the second 
compression stroke, as the temperature should be the same. 
The answer is that the fuel may be better distributed 
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to a greater speed of compression. It would be interesting to 
know whether detonation takes place in the Doxford engine, 
where the scavenging air is supposed to sweep out the whole 
of the previous charge. 

Everything points to the importance when starting up of 
having a suffieiently high temperature of the scavenging air 
at the end of compression, and it is this necessity which has 
probably fixed the compression pressure of the Diesel engine 
at 500 lbs. In ordinary work, when the engine has got heated 
up, а much less compression pressure will probably suffice to 
secure ignition. The admission of starting air at a high 
pressure to the power cylinder is a disadvantage, as on expan- 
sion it will cool down the cylinder walls and the charge of air. 
In this respect the engines built by the Polar Co. and Messrs. 
Swan, Hunter, and Wigham Richardson have а distinct 
advantage over others, as the starting air is admitted on the 
underside of the power piston, and the same remark applies 
also to the Still engine using steam on the underside of the 
piston. 

Mr. ARCHIBALD RENNIE (Member): Mr. Nicholson has dealt 
with so many matters of deep interest to those engaged in 
heavy oil-engine work that my remarks must necessarily be 
confined to a few points only. I should like, in the first place, 
io express my agreement with Mr. Nicholson in his remarks 
on indicating and the futility of guaranteeing fuel consumptions 
on a basis of indicated horse-power, for, let the indicating be 
ever so accurate—and in view of the small size of cards obtain- 
able from combustion-engine cylinders, it must be accurate to 
be of any value—there still remains an element of doubt about 
the worked out result, for the reasons given in the paper; 
and for these reasons also it scems to me that the use of 
indieators of steam-engine size is desirable if only for the sake 
of the larger eards which they give, and to lessen the chance 
of error in evaluating them. It has been said, of course, that 
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the indicator'is the most ready means available of determining 
the horse-pawer of a reciprocating engine at sea, and no doubt 
it is the most common means; but I am of opinion that in a 
few years' time it will become quite common practice to fit a 
suitable type of torsionmeter abaft the thrust block to measure 
the shaft horse-power in ships fitted with internal-combustion 
engines, much as is done to-day in ships fitted with steam 
turbine engines. Sooner or later, it seems to me, the ship- 
owner will want to know what proportion of the engine power 
is really going to propel the ship, and to assess the fuel con- 
sumption on that basis. It will afford him no satisfaction 
to be told that the fuel consumption stands at a remarkably 
low figure per indieated horse-power when he knows, or 
suspects, that from 20 to 30 per cent. of that power is being 
absorbed by the engine itself in working its own mechanism 
and in overcoming its own friction. 

This leads me to say something about engine friction, and 
to remark that the figures quoted by Mr. Nicholson for the 
Seott-Still engine of from 8 to 11 lbs. per square inch of piston 
area include the frictional resistance of an auxiliary steam- 
engine, which was coupled to the main unit for experimental 
purposes only, so that if allowance is made for this I think 
that from 1 to 2 lbs. per square inch could quite safely be 
deducted from his figures when estimating the frictional resist- 
ance of a multi-cylinder engine of that type. In this connec- 
tion, I might mention that when running the experimental 
engine it became the practice when shutting down to count the 
number of swings of the fly-wheel from the moment when the 
engine failed to get over the top dead-centre until it came to 
rest on the bottom dead-centre, and, whenever these were 
found to fall short of 12 to 14 swings, it could safely be con- 
cluded that something had occurred to increase the frictional 
resistance of the engine, and a search for the cause would be 
made. In Table I Mr. Nicholson brings out the interesting 
fact that the frictional resistance of two-stroke and four-stroke 
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oil engines is practically the same when reduced: to terms of 
mean pressure per square inch of piston area per stroke. In 
passing, it might be noted also from this table that the steam 
reciprocating engine holds a very considerable advantage in 
respect of frictional resistance. 

In dealing with the question of detonation, Mr. Nicholson 
introduces rather a puzzling subject, and one about which very 
little has hitherto been known. He has succeeded, I think, in 
investing it with a new interest by laying bare the conditions 
contributing to its production, and, from the fact that, given 
these conditions, the phenomenon can be produced at will in 
the engine experimented with, it would appear that the causes 
producing it are now understood and can be controlled. It 
may be of interest to mention, as a further outcome of these 
experiments, that there would appear to be but a short step 
between the detonating condition and actual misfiring, for on 
one occasion when the engine was running, and the compres- 
sion pressure was being reduced, a point was reached, 
apparently midway between the detonating and misfiring con- 
ditions, when the engine continued to run and fire but refused 
to take load, and no increase in the oil supply would induce 
it to do so. Apparently the conditions were such that the 
temperature of the low compression charge was just sufficient 
to burn the oil slowly, and that it continued to burn throughout 
the whole stroke. This section of the paper indeed seems to 
me to be brimful of information and interest, and to add con- 
siderably to our knowledge of a rather difficult subject. 

On the question of scavenging Mr. Nicholson has one or two 
interesting remarks to make, especially with regard to the 
experiment of dispensing with the deflecting lip on the air- 
inlet side of the piston head. It had sometimes been suggested 
that the lip might be dispensed with, and that the engine 
performance would be quite as satisfactory with a piston having 
a flat top. Advantage was taken of the opportunity offered on 
one occasion to turn the piston head through an angle of 180 
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thereby some indication would be obtained of the value of the 
suggestion. The result showed that the performance of the 
engine fell off considerably, and in the case of that engine, at 
any rate, it appears that a deflecting lip is necessary. It 
might be thought by some that the falling off in the perform- 
ance may have been due аз much to the presence of the deflect- 
ing lip on the exhaust side of the cylinder interfering with the 
flow of the exhaust gases, as to its absence on the scavenging 
side. Light spring cards, however, taken during that abnormal 
running condition, when compared with similar cards taken 
during normal running conditions, showed no difference either 
ia characteristics or in pressures, and it was concluded, there- 
fore, that the falling off in efficiency was due entirely to the 
absence on the scavenging side of the deflecting lip. 

Mr. Јонх В. Brown, M.B.E. (Associate Member): The 
action of the normal single orifice flame-plate as fitted in air 
injection engines is to give a cone of air-fuel mixture which 
has a total angle of divergence of about 40 degrees, and the 
entrance of this into a combustion space of the usual shape 
on these engines must be to set up a vortex action in the 
main air charge. The direction of flow will be radially out- 
ward across the top of the piston, and an indication is thus 
given that the raised centre? sometimes present on the piston, 
serves a useful purpose in directing this flow. It appears that 
this vortex is sufficient to carry the air lying close to the 
cylinder walls into the fuel-injection area, for no marked 
change in the engine characteristics follows from the adoption 
of a flame plate of the pepper-box type with its increased 
facilities for uniform fuel distribution. 

In the mechanical-injection engine it has been commonly 
assumed that the air charge remains practically at rest, and 
the use of a pepper-box flame plate became essential. From 
this paper it appears that the cone angle of the distributing 
holes may direct the fuel towards the walls of the combustion 
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` space and yet give improved economy; further, marks are 
shown on the piston head corresponding to each fuel jet. It 
appears to follow that the fuel jets were subjected to a deflec- 
tion away from the walls, and it is, therefore, suggested that 
the evidence would bé in accordance with the presence in the 
cylinder of a vortex which rotates in the opposite direction 
to that described for the air-injection engine. The energy 
which originates this vortex must come from the fuel jets 
themselves, and it is, therefore, worth noting that the work 
done in injecting a charge of fuel at 6,000 lbs. per square 
inch is of the same order as that available in the blast air. 
An examination of current practice in combustion chamber 
design and fuel distribution, conducted on the lines just 
indicated, suggests that increasing attention is being given to 
attaining good turbulence; and this applies particularly to 
engines of the semi-Diesel type where the double-chamber 
head, giving a very definite vortex action, is already in use. 

Mr. Nicholson draws attention to the possibility of errors in 
indicator diagrams of oil engines, and it is, therefore, useful 
to note that Mr. Morley has dealt with this matter in connec- 
tion with steam engines in earlier volumes of the Transactions. 
In the steam engine the ratio of maximum pressure difference 
to the mean pressure is probably about 1:5, while in the oil 
engine the ratio is about 5:0, and" the effect is to increase the 
possibility of errors in mean indicated pressure arising from dis- 
crepancies in the drum reducing motion. Thus it has been 
found that the substitution of a second pin for the attachment 
of the cord on the opposite side of the fulerum on the reducing 
lever, the sole effect of which is to give the '' pull ’’ on the 
drum during compression in place of expansion, may result in 
a change in mean indicated pressure of as much as 10 rer cent. 
Further, large mean indicated pressure values are readily 
obtained by merely restricting the opening of the indicator cock 
or by the use of an indicator while it is cold, and in which the 
piston has been lubricated with a viscous oil. 
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engine friction losses has probably its most accurate applica- 
tion to engines of the reciprocating type in the high-compres- 
sion oil engine, as there the piston loads during the com- 
pression and re-expansion strokes bear some relation to those 
during the normal combustion cycle. The method has been 
used by Mr. E. P. Taylor* to examine the distribution of the 
losses in trunk-piston gas engines, where by progressively dis- 
mantling the engine it was brought out that the piston friction 
was about 45 per cent. of the total losses. In the crosshead 
engine this figure will probably be reduced; but it is in this 
item that the greatest scope for improvement of mechanical 
efficiency lies, and it will probably be associated with a modifi- 
cation in the piston rings. 

It would add to the usefulness of the graphs showing fuel 
consumption if an indication could be given of the alteration 
in engine speed involved in the changes in power. Again in 
the tests in which the piston-crown had its scavenging edge 
placed at the exhaust side, the brake loads used are alone 
given; here the radius of the brake arm would enable the mean 
effective pressure values to be derived. 

Mr. A. D. Bruce (Associate Member): The experimental 
results which Mr. Nicholson has placed before the Institution 
are of great interest, and throw a considerable amount of light 
on the problem of obtaining good combustion. It has been 
generally regarded that mechanical injection has not yet 
reached a satisfactory degree of efficiency, especially at fairly 
high mean-pressures, and in this respect the air-injection 
system is better. At high mean-pressures the fuel consump- 
tion is less when air injection is adopted, but for all round 
purposes I think mechanical injection is more desirable. The 
evidence to hand, provided by authorities on this subject, is 
sufficient to indicate that the flexibility of the oil engine is 
enhanced when using the latter system. It is true also that 
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manufacturers of oil engines who adhere to the air-injection 
system are getting a greater degree of flexibility by varying 
the lift of the fuel valve and by altering the timing of 
the entry of the fuel. It is doubtful whether, on the whole, 
the results are as good as with mechanical injection, and, 
moreover, there is the provision of a costly air compressor, 
with its upkeep, and the power it absorbs in compressing the 
necessary blast air, together with the friction it entails. It 
might be remarked that much of the information disclosed in 
the experimental records of the mechanical-injection system is 
applicable to that of the air injection. It is true of the air- 
injection system that penetration, distribution, and atomisa- 
tion of the fuel are essential to good: combustion, and those 
interested in the question, who have not had an opportunity 
of earrying out similar experiments, may benefit their own 
engines by a careful perusal of the data given. If a careful 
examination of. the various makes of engine is made, it will 
be found that the angles of the jets are not such as to 
penetrate into every recess of the combustion chamber while 
the fuel valve is open, and are too few in number, and too 
near parallel to the axis of the cylinder to give the best 
results. Ав Mr. Nicholson points out,. combustion is.. not 
a leisurely process, but must be completed in а small fraction 
of a second, and it is necessary to remember that the oil has 
a high flash point, while the turbulence is none too great to 
increase the amount of mixing of air and fuel necessary for 
complete and rapid burning. It is, therefore, necessary, as 
far as possible, to ensure that every particle of air has a cor- 
responding particle of oil brought into contact with it. Ав 
much as this falls short of achievement, so much is combus- 
tion removed from perfection. I think that Mr. Nicholson's 
way. of putting the problem expresses the condition of the air 
admirably when he says that '' It is essential that as. much 
of the air in, the cylinder as possible be ‘interested’ in the 
oil.” 
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I should like to ask Mr. Nicholson if he found it advan- 
tageous to alter the timing of the opening of the fuel valve 
as the revolutions were changed, to get the greatest degree 
of flexibility at any given speed? Of course, the fuel valve 
is opened when a certain pressure in the system is reached, 
but it would be possible to introduce an arrangement in the 
pumping process, so as to change the timing of the valve rela- 
tive to the position of the crank-shaft. Did he find the time 
necessary to raise the pressure in the system from zero vary 
so much that it had to be compensated for at different 
speeds? | | | | 

Mr. NicHoLsoN: At the present stage of development every- 
one must agree with Mr. Marriner that, on the weight question, 
the oil engine cannot compete with the steam engine for rela- 
tively high-speed vessels over about 500 tons displacement. 
Nevertheless, it is & curious. thing that the lightest engine as 
well as the heaviest engine known is of the internal-combustion 
type. Mr. Marriner's first experience of detonation is 
interesting. No doubt the possibilities of detonation occurring 
in an oil engine may have some influence upon the scantlings, 
but detonation does not occur generally in ordinary running. 
The causes of detonation were not understood at the time to 
which Mr. Marriner refers, but of late the problem has been 
elucidated somewhat, and it is hoped that the particular aspect 
of detonation which is dealt with in this paper will shed further 
light upon the subject. 

Mr. Clarke asks if observations were made or photographs 
taken of an oil spray in air at a pressure of 300 lbs. per square 
inch. The only knowledge of what happens under these condi- 
tions is what has been deduced from observations of the piston 
and cylinder walls of this engine with different types of 
sprayers, and from the results of running the engine itself. 
It would have been very interesting to have done what Mr. 
Clarke suggests, and some information might have been 
obtained. The results, however, might not have proved ot 
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much service in this particular case, for all the conditions 
existing on an engine could not have been repeated in such an 
experiment, or at least there would remain some uncertainty 
of whether every condition had been reproduced. 

Mr. Richardson is mistaken in thinking that a claim 1s made 
for better mechanical efficiency in the Scott-Still engine than in 
other heavy oil engines. What the figures really show is that, 
considering one engine with another and omitting all auxiliaries, 
there is little difference between any of the two- or four-cycle 
engines mentioned in the table as regards their friction when 
expressed as a pressure per square inch of piston area. The 
mechanical efficiency of the Scott-Still engine is high because 
it is, in the first place, a two-cycle engine, and, in the second 
place, because it needs no air compressor and has no blower 
to drive directly. 

Mr. Richardson is so far correct when he emphasises that 
the scantlings of an engine depend upon the maximum pressure 
within а cylinder, and also upon the rate of application of the 
pressure. The effect of rate of application is not definite. 
Suddenly applied loads call for most serious consideration when 
encountered in engine design. On the other hand, gradually 
applied loads, even though their rate of application is high, are 
quite easily dealt with. The usual method of fuel combustion 
in Diesel engines is at constant pressure. In the Scott-Still 
engine, the system employed is a combination of constant- 
volume and constant-pressure combustion. The rate of applica- 
tion of pressure between 300 Ibs. and 500 lbs. per square inch 
is faster in the latter than in the former method of combustion, 
but, in any case, the effect upon the strength of the parts is 
negligible. During the detonating periods which occurred in 
the engine under consideration, the loads were much more 
nearly “ suddenly applied ’’ loads than those met with in 
normal running, and their effect would undoubtedly have to be 
allowed for if detonation were to be expected. The light which 
these experiments shed upon this subject indicated, however, 
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of detonation has been observed during the experiments carried 
out on the engine, and, therefore, there is no need to provide 
for its effects. The scantlings of an engine must provide for 
the maximum pressure that may occur in the cylinders, and 
it should be noted that higher maximum pressures are likely 
to occur in the cylinders of constant-pressure combustion 
engines using air as a means of injection and compressing to 
450 to 500 lbs. per square inch, than are ever likely to occur 
with the type of injection and the low-compression pressure 
used in the Scott-Still engine. Rapid combustion does not 
necessarily mean high pressures. This can be proved by scaling 
the diagrams given in Fig. 16 to see that the detonation which 
was experienced did not produce specially high maximum 
pressures. It may be noted in passing that the swing of the 
indicator pencil almost certainly caused it to indicate higher 
pressures than actually existed. 

Mr. Butler asks by what means oil-driven electric generators 
could be regulated to reduce the frictional losses associated 
with them when running at full speed and developing low 
powers. The suggestion was merely made in the paper that 
the present methods in use are wasteful, and that modifications 
upon the present method of maintaining voltage and revolutions 
are desirable. The use of oil engines for electric generation on 
board ship makes some step in this direction all the more 
necessary, for the frictional losses of these engines are higher 
than in steam engines. A four-cycle engine running at full 
speed and at very light power is mechanically a very inefficient 
machine. It is interesting to learn from Mr. Norman Young 
that partial steps in the direction indicated have been taken in 
certain cases. 

It is gratifying to have Engineer-Commander Hawkes’ con- 
firmation about the accuracy, or rather inaccuracy, of ordinary 
‘indicator cards, and to note the great care necessary before any 
-eards taken can be considered of value for comparative pur- 
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poses. Regarding the grinding or reamering of small diameter 
liners, grinding and lapping has been found in my experience 
to be the most satisfactory method. The brake horse-power 
used in the curves throughout the paper include the power 
developed by steam. It was decided to use brake horse-power 
as & base for plotting the results, so as to eliminate all question 
of inaccurate indicator eards. In all cases the results, however, 
are quite comparable, except perhaps at the lowest powers, and 
there the results have little value. At the higher powers the 
effect of the steam generated by the engine upon the results 
may, from a comparative point of view, be neglected. The 
oil used in the trials given in Figs. 9 to 15 was Scottish shale 
oil of specific gravity about `87, and in the others it was Anglo- 
American oil of specific gravity about "89. 
Engineer-Commander Hawkes does not agree with the view 
expressed in the paper about detonation. The difference 
appears to be mainly a question of definition. If detonation 
is combustion taking place extremely rapidly, then detonation 
occurred in this engine under the conditions stated. It may 
be that the detonation to which Engineer-Commander Hawkes 
referred in his paper took place with even greater rapidity 
than in the cases referred to in this paper, but, although the 
causes of this very rapid combustion may be different in the 
two cases, the effects differ very little. In any case, the par- 
ticular conditions which existed in the Scott-Still engine at the 
‘time caused combustion to take place at a rate much greater 
than was experienced in ordinary circumstances, and seem to 
justify the use of a word such as detonation. It is not for a 
moment suggested that extremely rapid combustion takes place 
only under the conditions mentioned in the paper. Indeed 
it is very likely that a variety of conditions may produce such 
a result, and all that the paper suggests is that certain specified 
conditions were found to be the cause of detonation in the 
particular engine considered. I am constrained by experience 
to doubt if Engineer-Commander Hawkes is right in saying 
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tion of the last portion of the oil to be consumed." It is 
certain that the conditions in the combustion space at the 
finish of combustion are the least favourable to rapid com- 
bustion. Reference may be made to the paper by Mr. Archibald 
Rennie оп “The Still Engine for Marine Propulsion,” read 
before the Institution last year, for particulars of the shape of 
liner and position of fuel valve. 

It is impossible to agree with Mr. Cummins' explanation of 
what takes place to cause detonation. Particular care was 
taken in the paper to make it clear that there was a condition 
. of “© misfiring " bordering closely upon the conditions favour- 
able to detonation, but that there was a distinct dividing line 
between the two, and that the one did not arise because of the 
other. The evidence in the paper is sufficient to bear 
this out. 

Mr. Rennie's observations are interesting, but call for no 
special remark. 

The explanation by Mr. Brown of what happens in the com- 
bustion space of air-injection engines is of great interest and 
seems very probable. It may be that his theory applies also 
to the Scott-Still engine. The jets of oil were certainly bent 
by some means or other, but the bending effect was less than 
would be looked for if there was any distinet vortex action in 
the air space. No doubt turbulence is desirable for good com- 
bustion, but, on the other hand, it was found that jets should 
not touch one another, and according to Engineer-Commander 
Hawkes a jet should not be touched after it is formed. Mr. 
Brown's references to indictor cards substantiates still further 
the position taken up in the paper. The variation of revolu- 
tions with horse-power, for the curves given, follows generally 
the propeller law, namely, brake horse-power varies as 
(revolutions)?. 

In reply to Mr. Bruce, it was not found necessary to alter 
the opening timing of the fuel valve as the revolutions 
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changed. A design to do this was got out in the early stages, 
but was not required. Very slight differences, referred to crank 
angle, were found to occur at different speeds and different 
loads in the opening of the fuel valve, but these proved to be 
unimportant, for the timing must be fixed to suit the full- 
power load and revolutions. 
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THIS paper deals with the application of electricity as a means 
of transmitting power from the prime mover to the propeller, 
and the remarks made will generally apply to merchant ships. 

Electrical systems for ship propulsion may be classified in 
two general types, namely, Turbo Electric and Diesel Electric. 


TURBO ELECTRIC. 

The electrical equipment required is an alternating current 
generator suitable for direct coupling to a high-speed turbine, 
a motor of suitable speed for direct coupling to the propeller 
shaft, a direct current exciter or an auxiliary generator from 
which a direct current can be obtained, and control gear. The 
whole can be regarded as a reduction gear having a ratio of 
reduction in proportion to the number of poles on the generator 
and motor; thus if the generator has two poles and the 
motor 60 poles, the ratio of reduction will be 80 to 1. As 
with mechanical gearing, variation of speed is’ obtained by 
varying the speed of the prime mover. 

Motors and generators designed for ship propulsion differ con- 
siderably from those intended for use on land. In land 
stations the voltage and frequency are constant, but for ship 
work both are variable since speed control is obtained by 
з the speed of the prime mover, and an electric pro- 
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pelling equipment offers the advantage that the generator and 
the motor may be designed as one unit, hence the best char- 
acteristics can be obtained. 

The general layout of a turbo electric propelling equipment 
is shown on Figs. 1 and 2, which illustrate a 13,500 shaft 
horse-power engine room. The space occupied is the same as 
that for a double-reduction gear drive; in fact the engine room 
was designed for a gearing, and the weights are exactly the 
same as for the original gear drive. This layout shows the 
motors in the ergine room, but the motors can be located in 
any other suitable position. 


ALTERNATING CURRENT GENERATORS. 


The alternating current high-speed generator of standard 
design and construction, such as in general use on land, is 
suitable for use at sea. It should, however, have a solid rotor 
designed so that the critical speed is above the maximum run- 
ning speed. The electrical design should conform to that of 
the motor, and it should have a high impedence so that it will 
not suffer if subjected to a short circuit; thus if the propeller 
strikes an obstruction, this is equivalent to a short circuit on 
the generator, and the machine should be so designed that 
under these conditions it will be self-protecting. 

Fig. 3 shows a cross-section of a typical alternating current 
generator. Up to approximately 7,000 horse-power at 3,000 
revolutions per minute the rotor can be fitted with fans which 
will impel the air necessary for ventilation. On certain other 
sizes the fitting of fans on the rotor may cause the shaft to 
be so lengthened that the critical speed will be below the 
running speed. In this case it will be desirable to supply the 
ventilating air from a separate motor-driven fan. 


Motor. 


Two types of alternating current motors have been used for 
driving propellers—(a) induction motors, both squirrel-cage 
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and slip-rimg; (b) self-starting synchronous motors. Both 
these types of motors have advantages and disadvantages for 
this class of work. 

An induction motor does not require any external source of 
excitation, and can be made with a change pole arrangement 
whereby the motor can run at two different speeds with full 
speed on the generator. This is an important feature in a war 
vessel where a definite economical cruising speed is required, 
but in the majority of merchant ships this is not a great 
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Fig. 3.—Cross-Section of Typical Alternator. 


advantage. The total excitation required when reversing is 
less with an induetion motor than with a synchronous motor. 
The disadvantages of this type of motor are a small air gap, 
the necessity with slip-ring machines for rotor resistance; also 
the windings are not so accessible as on the synchronous 
machine. The slow-speed induction motor has inherently a 
poor power factor, which necessitates a heavier generator than 
does a synchronous machine. The power factor can be rectified 
by some type of phase advancer, but this adds complication 
and more machinery to look after, and is not desirable on 
board ship. Fig. 4 shows a section of a typical induction motor 
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of 3,000 shaft horse-power running at 100 revobutions per 
minute. 

"The self-starting synchronous motor is mechanically ideal for 
sea conditions. It is rugged in construction, highly efficient, 


|| 
TM. 


= ШШШ ПШ 
ОООО 


Кл i 
=7 ИШИНЕ 


Fig. 4 Cross-Section of Induction Motor, 3,000 S.H.P. 


and has a large air gap. All the windings are accessible, and 
all repairs, if such are necessary, even to a complete rewind, 
can be carried out with the motor in position, and it normally 
operates at unity power factor, thereby reducing the size of 
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the main generator. Fig. 5 shows a section of a typical self- 
starting synchronous motor. 
Fig. 6 shows the еШсіспеу and other characteristics of a 


Fig. 5.—Cross-Section of Synchronous Motor, 3,000 S.H.P. 


9,000 horse-power 60-pole synchronous motor running at 100 
revolutions per minute, from which will be noted the high 
efficiency over a wide range of speed and power. With higher- 
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powered motors the efficiency shown on the curve will be con- 
siderably improved. 


CHARACTERISTICS WITH VARYING SPEED 


(ОАО VARYING AS СОВЕ OF SPEEDO - 
VOLTAGE VARYING AS 50. OF SPEED. 
Power Facror 1:0 


[x 
9 
2 
9 
i 


киши 
Ж 


SPEEO. REVS. PER MIN. 


Fig. 6.—Characteristic Curves of Synchronous Motor, 3,000S.H.P. 


CONTROL GEAR Fon TURBO ALTERNATING CURRENT [EQUIPMENT 
WITH SYNCHRONOUS Motors. 

Reference to Fig. 7 will show the electrical connections 

between the turbo alternator and motor, and also the arrange- 
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ment for controlling the р.с. exciting current on the field 
windings of both machines. When starting up the propeller 
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Fig. 7.—Control Diagram for Synchronous Motor. 


motor from rest, it functions as a squirrel-cage induction motor 
with the direct current field winding unexcited. 


The sequence of switching is as follows :— 
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With the cam-shaft, which is operated by chain gearing 
from an oil pressure motor, on the stop point the main 
power circuit is open, and also the alternator and motor 
field circuits. 


The exciter is, of course, running at a voltage correspond- 
ing to normal full load. 


The first movement of the cam-shaft closes the ahead or 
the astern line contractors as may be desired. 


A further rotation of the cam-shaft closes the alternator 
field contactor. 


This causes the motor to rotate as a squirrel-cage induction 
motor, and as the speed approaches the synchronous speed of 
the alternator, as shown on a speed indicator fitted in front 
of the operator, the cam-shaft is rotated through a further 
angular movement, which causes the motor field contactor 
cams to close the respective contactors and introduce the direct 
current field on the rotor of the motor. Due to the type and 
special characteristic given to the squirrel-cage winding, the 
motor pulls into synchronism very quickly. 

During the above switching period, the turbine governor is 
‘set to a very low speed (approximately 10 per cent. of 
maximum speed) and the governor speed adjusting mechanism 
is interconnected with the cam-shaft, so that any further rota- 
tion of the same merely increases the governor speed setting 
while maintaining the previously closed contactors in the 
closed positions. 

When stopping, the cam-shaft is returned to the stop posi- 
tion by means of the oil pressure motor and the sequence of 
switching operations carried out in the reverse way. If a 
propeller reversal is required, the cam-shaft is rotated past the 
stop point until the motor is connected up as an induction 
machine with reversed phase rotation. | 

When this point is reached, the following are the conditions 
of affairs: — 


FOR PROPELLING MACHINERY 411 


Turbine speed governor set to 10 per cent. speed. 


Motor connected as induction motor (i.e., without direct 
current field). 


Alternator field excited from direct current exciter. 


Under the above condition the turbo alternator speed is 
rapidly falling, due to the steam being cut off by the action 
of the governor, and in the meantime the propeller motor 
speed is also rapidly falling, due to the effect of the reversed 
phase rotation on the squirrel-cage winding. Depending very 
largely on the propeller characteristic and the original speed 
of the ship, the motor reaches zero speed either before or after 
the steam is again admitted to the turbine by the action of 
the governor, but in any case the motor changes its direction 
of rotation and rapidly approaches the synchronous speed of 
the turbo alternator, when a further backward rotation of the 
cam-shaft closes the motor direct current field contactor and ` 
the machines pull into synchronism. 

In order to enable the operator to find the synchronous 
speed quickly irrespective of the alternator frequency, the speed 
indicator is fitted with two elements, each moving a pointer 
over a common scale. One pointer indicates motor revolutions 
per minute, and the second pointer indicates alternator revolu- 
tions per minute. The result is that when the two ‘pointers 
are in line on any portion of the scale the machines are in 
synchronism. 

If the machines have been synchronised bcfore the fly-wheel 
energy in the turbine and alternator rotors has been dissipated 
(1.6., at speeds above 10 per cent. :nd before steam is again 
admitted to the turbine), the propeller motor will begin to 
slow down again until the 10 per cent. speed is reached, but 
if the cam-shaft is rotated over the speed points beyond the 
synchronising point, steam is again admitted and a rapid 
reversal of the propeller and stopping of the ship can be 
obtained. 
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The oil pressure motor which rotates the cam-shaft is a 
development of the well-known servo motor commonly used 
for controlling the steam admission to a turbine through the 
agency of a centrifugal governor. 

The pilot valve is operated by means of a spring, which in 
turn is loaded up when the large hand-wheel is rotated. The 
spring can only operate the pilot valve at certain definite 
points corresponding to the switching points on the cam-shaft 
which operates the contactors, and the spring is only released 
and the pilot valve opened when the hand-wheel reaches one 
of these points. Immedjately the pilot valve opens up the 
oil supply to the motor, the hand-wheel is locked in position, 
and it is impossible to move it again either backwards or 
forwards until the rotor in the oil motor has completed its 
travel and the pilot valve is again closed. 

The above arrangement results in all switching being fully 
completed at every operation, and there is no possibility of 
leaving any contactors in a partially opened state. The cam- 
shaft also ensures that the correct sequence of switching is 
always maintained, also that. the governor speed setting is 
reduced before any switching is attempted. The contour of 
the cams and contactor operating mechanism, together with 
the cam-shaft angular specd, are also suitably proportioned 
to give fhe best opening and closing speeds to the contactor 
tips. 

The indicating instruments which are fitted on the panel in 
front of the operator comprise : — 


The duplex speed indicator огеа4у mentioned. 
1 alternating current ammeter. 

1 alternating current voltmeter. 

1 alternating current wattmeter. 

1 direct current ammeter for motor field. 

1 direct current ammeter for alternator field. 
1 horse-power or kilowatt indicator. 
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CONTROL oF SLiP-RiNa INDUCTION Motors. 
The control diagram of connections is shown in Fig. 8, and 
from this it will be seen that generally the two schemes of 
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Fig. 8.—Control Diagram for Induction Motor. 


control are much the same, excepting that the addition of a 
resister in the rotor circuit renders the addition of two con- 
tractors for inserting this resister in circuit, but it eliminates 
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two field contactors shown for the synchronous motor. The 
diagram shows the contactors to be electrically operated, but 
they could be quite well operated by a cam, as shown for the 
synchronous motor. | 
The current transformer relay and .contactor shown оп the 
right-hand side of each diagram are for the purpose of stiffen- 
ing up the excitation when the propeller is subjected to a 
heavy load, as in a strong sea. The operating levers are so 
interlocked that before a contactor can be operated the turbine 
speed setting must be reduced to about ү of the normal, and 
all. the main alternating current circuits are only broken or 
made after the field has been cut off the generators. | 
A reversal with a reciprocating engine is accomplished by 
closing the throttle, reversing the engine valve-gear, and again 
opening the throttle. Full load torque is given in the astern 
direction. f 
A reversal with a geared turbine is accomplished by closing 
the ahead throttle and opening the astern throttle, thus 
changing the flow of steam from the ahead turbine to the 
astern turbine, with not a little danger due to introducing live 
steam and (in some cases superheated) on to a cold wheel. 
A reversal with an electric drive is accomplished by merely 
reducing the turbine speed and then throwing the lever or 
cam from ahead to astern. If the turbine is already running 
at reduced speed, as would be the case in mancuvring or 
steaming in a narrow channel, it is only necessary to throw 
the lever or cam to the proper position and all cams 
and levers will interlock, so that everything takes place in 
proper sequence. 


EXCITATION. 


The excitation required both for the motor and generator is 
supplied from a separate source, either from a small separately 
driven exciter or from one of the ship’s auxiliaries. If the 
supply is taken from the ship’s auxiliaries, it is desirable that 
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the supply should be taken between the brushes of the 
generator and the busbars, so that in the case of the circuit 
breaker opening the excitation is not cut off from the main 
generators. | 


VENTILATING AIR COOLING. 


It is most important that the electrical machinery be pro- 
perly cooled and ventilated. In the case of the generator, 
this can be done either by fitting fans on the rotor or by a 
separate fan. The cool air is taken in through the end shields 
and over the rotor windings, and discharged at the stator, 
either at the top or the bottom of the frame, and led away 
by trunking from the engine room. This is the most common 
method of ventilating the generator. Another method which 
offers considerable advantages has been developed, in which 
the ventilating air passes round a continuously enclosed circuit. 
Air coolers are placed in the passage between the outlet in 
the frame and the intake opening at the end of the machine. 
These coolers abstract the heat from the air as discharged, 
and reduce it to a temperature suitable for again entering the 
machine. _ 

A typical arrangement is shown in Fig. 9. The coolers 
consist of a number of brass tubes in a box through which the 
cooling water circulates. The cooling water can be taken 
from the main condenser circulating pump, and the quantity 
of water required is about four per cent. of the total required 
by the condenser. Another method of supplying the neces- 
sary cooling water is to pass the condensate through the 
cooler, and thus return to the boilers the heat losses in the 
alternator. 

On account of the slow speed of the motors, it is generally 
necessary to fit a separate fan for ventilating the motor. The 
air is drawn in through the end shields and finds its way 
through the rotor and core, and is drawn off between the core 
and the frame and discharged to the outside air through a 
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trunking. It is possible to use coolers in a slightly modified 
manner from that described for the alternator. 

The foregoing briefly describes the turbo electric propelling 
equipment, and some advantages of this method of propulsion 
may now be considered. 

1. Reliability. The first and most important condition 
which outweighs everything else in a propelling equipment is 
reliability. The company the writer is associated with fitted 
an equipment into a merchant ship, the ''San Benito," and 
she has been in service now for 14 months, and steamed 
upwards of 76,000 miles. During that time nothing has been 
spent in the upkeep of the propelling machinery, and she has 
not lost & single hour's sailing due to any defect in the pro- 
pelling machinery. 

The United States naval collier ‘‘Jupiter’’ has been in 
commission for over eight years and seen arduous service, and, 
although many seas have been shipped in the engine room, 
a matter of a few pounds has covered the cost of upkeep since 
she was put into commission. А 

The majority of marine engineers, whose experience is limited 
to comparatively small motors, seem to imagine that the bigger 
electrical machinery is made the greater is the trouble likely 
to be met with. This, of course, is erroneous, for, generally 
speaking, the bigger the electrical machinery the more reliable 
it can be made. There is ample room for insulation around 
the conductors, which is not always the case with small 
machines. Also the conductors themselves are good sized bars, 
and are substantial things to handle, whereas the windings 
of small motors, which the average marine engineer is familiar 
with, often consist of a large number of small wires, which 
in themselves are fragile and difficult to handle. 

The mechanical stresses to which the electrical gear is sub- 
‚ jected are very much less than with mechanical gears. The 
torque in the latter is transmitted through a line contact tooth 
with а up to 800 lbs. per inch width of tooth for low- 
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speed, and 350 lbs. per inch width of tooth for high-speed gears, 
whereas the torque in a motor is distributed over the periphery 
and amounts to from 8 to 4 lbs. per square inch, and in the 
alternator the torque is about 2 Ibs. per square inch. 

2. Economy. The writer claims that electrical transmission 
of power for propelling purposes, for 3,000 horse-power upwards 
per propeller, is a little more economical than single-reduction 
gearing, and is decidedly more economical than double- 
reduction gearing, and also is more economical than the 
old-fashioned reciprocating machinery. | 
` Consider two turbines each of the same number of wheels, 
the same pitch line velocities, and the same cxtraction 
capacity operating under the same steam conditions. Then 
it may be expected that these turbines will have the same 
efficiency no matter what they are driving. If, however, one 
turbine is divided into two casings, then that turbine will 
have two extra glands to be packed, and will have losses due 
to the passage of steam from the high-pressure to the low- 
° pressure casings. If a reverse turbine is fitted in each of these 
‘casings, there is a further loss occasioned by the drag of the 
reverse wheels, so that initially the two-casing turbine is worse 
in steam consumption than the single-casing by the loss from 
the above causes. If then the double-casing turbine is coupled: 
to pinions for driving through gears, there will be a loss in 
the gears, whioh loss is very diffieult to measure with any 
degree of accuracy; but with single-reduction gears it will 
certainly be not less than three per cent., and with double- 
reduction gears not less than five per cent. With electric 
transmission there will also be losses in the generators, motors, 
and cables, which can be accurately measured. 

. In tabular form is shown the losses for a typical 14,000 shaft 

horse-power equipment with single- and double-reduction 
gears and turbo electric drive, assuming the water rate at the 
turbine shaft is 100 in all cases. 


FOR PROPELLING MACHINERY 


Товво ELECTRIC. 


Water rate of turbine - - 
Loss in alternator and cables 
ә » motor. - - - 
Excitation - - - - 
Ventilation - - - - 
ОЙ pump - - - - 


Water rate at propeller shaft 
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Per cent. 
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2:3 
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‘Per cent. 
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1-0 
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20 

°5 tg 
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Per cent. |. 
1000 '. 
10. . 
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20 

5. E 
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The above assumes the same speed prime mover in each 
‘case, but with electrical gear the ratio speed of the turbine 
to the propeller is 30 to 1, whereas with a single-reduction gear 
the limit is about 11 to 1. With a double-reduction gear the 


reduction would be about 30 to 1. 


At the Glasgow Corporation Dalmarnock Power Station, a 


kilowatt is delivered at the switchboard, 


including all 
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auxiliaries, for about 19,000 B.Th.U’s., and this with a com- 
paratively poor load factor. With a steady load there is no 
reason why a modern generating station should not deliver a 
kilowatt for 17,000 B.Th.U’s., and on board a ship equally 
good results should be obtained, especiallv when the excellent 
facilities for condensing are considered; and whilst the 
auxiliaries on board a ship are in excess of those on land 
stations, it would appear from the results obtained from 
generating stations on land that one shaft horse-power should 
be delivered for 18,700 B.Th.U’s., including all auxiliaries. 
This, with oil at a calorific value of 18,500 B.Th.U’s., would 
be equivalent to about `8 Ib. of oil per shaft horse-power 
over all. 

8. Elimination of the Astern Turbine. With mechanical 
gearing additional turbines are necessary for reversing, these 
turbines revolving idly in a vacuum when running ahead, with 
a constant loss depending on the vacuum. On reversing, high- 
pressure steam (which may in addition be highly superheated) 
is admitted to the cold astern turbine, with consequent risk of 
damage and breakdown. With an electric drive the turbines 
rotate continuously in one direction, reversing being carried out 
electrically, so that in this case the turbines are subject to 
more steady temperature conditions, with consequent elimina- 
tion of reversing risks. In addition, it should be noted that 
with the electric drive full power astern is available, whereas 
with the geared installations the astern turbine is generally 
limited to about 60 per cent. of the ahead power. 

4. Simplicity of Control. The control of the propellers in 
electrically propelled ships is a comparatively simple matter, 
and all operations can be interlocked so as to prevent the 
possibility of mistakes, and also, if desired, there is no difficulty 
in controlling the propellers direct from the bridge. This is a 
desirable feature for ferry boats, cable ships, and other special 
vessels. 

5. Fleaibility. The electric drive is especially flexible. In 
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the case of twin or multiple screws, it is possible to drive all 
the propellers from one generator, whereas with mechanical 
gearing, in the event of a breakdown of the turbine or gears, 
it is necessary to drag one of the propellers, which is a very 
wasteful proceeding. 

6. Accurate and Constant Measurement of Power. An 
accurate and constant measurement of power absorbed by the 
propelling equipment and the auxiliaries can be obtained, and 
with this information it is comparatively easy to locate the 
losses and eliminate the same as much as possible. Experience 
has proved in generating stations on land that, before any 
economical generation of power can take place, it is necessary 
to take accurate measurements. With a mechanical drive it 
is practically impossible to measure the power absorbed by 
the propeller on account of the fluctuation which takes place 
very rapidly. 

Whenever a ship is on an even keel, the torque, as shown 
on a wattmeter, is steady and uniform. As soon as the ship 
commences to pitch, even to the slightest extent, then a cor- 
responding variation in the torsional load takes place. 
Observing the wattmeter, the power creeps up comparatively 
slowly from a minimum to the maximum, and then falls rapidly 
to a minimum, the cycle being completed in a period which 
corresponds to the pitch of the ship. The minimum value to 
which the power falls appears to correspond almost exactly to 
the power required in smooth waters. 

On an electrically driven ship, when passing through а 
cyclonic disturbance, the speed of the propeller was reduced 
to 60 revolutions per minute, which in still water corresponds 
to 500 horse-power. The writer observed during the height 
of the storm that the power varied from 500 to 8,500 horse- 
power in 64-second periods, and on some occasions went higher 
than 4,000, so that any attempt to measure the power by 
indicating the engines or by torsion meters, say once during 
a voyage or even once a day, is: practically useless, and the 
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only real way of arriving at the power absorbed is by having 
integrating wattmeters, by which strict account can be kept of 
the power absorbed and comparisons made with other ships. 
21. Absence of Noise. The electric drive is noiseless in 
operation, which is a feature of great importance from the 
point of view of popularity with passengers. | 

8. Ease and Economy of Repairs. In the event of an 
accident occurring to the propelling machinery, repairs are 
remarkably easy to carry out, and can be done by an electrical 
engineer of ordinary training. Once the repairs are effected, 
the machines are as good as ever they were, whereas with 
mechanical gear the difficulty of making temporary repairs is 
very considerable, and to make a satisfactory repair it is 
generally necessary to recut the large wheel in addition to 
replacing the pinion. 


DIESEL ELECTRIC. ` 


This method of propulsion has been comparatively little used 
up to the present, and has been confined to comparatively 
small ships of from 400 to 800 shaft horse-power. There 
are, however, three merchant ships of 3,000 horse-power 
building at the present moment in this country which are being 
fitted with this type of propelling equipment. Obviously 
alternating current is the most suitable for turbo electric drive, 
but for a Diesel electric drive for smaller powers direct current 
is attractive, principally on account of greater flexibility allow- 
ing constant speed of the engine irrespective of the speed of 
the propeller. With alternating current any speed variation in 
the speed of the propeller would have to be made by varying 
the speed of the engines, unless pole changing on the motors 
was resorted to. Even then only two definite speeds could be 
obtained economically, and any intermediate speed would have 
to be obtained by varying the speed of the engine, and this 
variation in the speed of the main engine would obviously not 
be satisfactory for driving the auxiliary generators. Alternating 
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current equipments have been designed for ships up to the 
highest powers, but as yet none of these designs has reached 
the stage of manufacture. 

Following is a description of the equipment now being made. 
The machinery arrangement is shown in Figs. 10 and 11. Each 
equipment consists of four 750 brake horse-power Fullagar- 
Diesel engines running at 250 revolutions per minute, each 
direct coupled to a 500-kilowatt 220-volt main generator and a 
200-kilowatt 220-volt auxiliary generator. The main generators 
are connected in series, and drive a double unit 2,500 horse- 
power motor, running at 90 revolutions per minute, direct 
coupled to the propeller shaft. The auxiliary load when all 
the refrigerating plant and the hold fans and auxiliaries are 
running amounts to over 500 horse-power. The connections 
are so arranged that any of the main generators can be used 
for auxiliary load when in port, say for operating the cargo 
winches, ete. 


GENERATORS. 


The main propelling generators do not require any special | 
description. They are of standard type, only special care has 
to be exercised in the insulation of the machines, and the — 
creepage surfaces have to be very much greater than those 
usually employed on land. Fig. 12 shows a section of a suit- 
able direct current generator of 500 kilowatts capacity. 


MOTORS. 


Beyond 1,500 horse-power it is generally more convenient 
to split the main motor into two units, and couple the same | 
together back to back. This provides a large factor of safety, 
as one-half of the motor can be cut out and the ship may 
run on the other half if desired, or if necessary. The motor 
would be designed with special reference to accessibility, so 
that all likely repairs could be carried out in the ship. Fig. 13 
shows a 2,500 horse-power double-unit motor. 
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Fig. 11.—Machinery Arrangement for Diesel Electric Vessel, 2,500 S.H.P. 
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Fig. 12.—Cross-Section of Typical D.C. Generators. 
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Fig. 13.—Cross-Section of Double Unit Motor, 2,500 S.H.P. 
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DIESEL ELECTRIC CONTROL. 


When dealing with direct current propeller equipment of 
over 500 horse-power in capacity a variable voltage control 
appears to give the best results, and this is employed in the 
case referred to. In this system of control any speed varia- 
tion or reversal is carried out by varying the fields of the 
generator, at the same time keeping the field of the motor 
constant. It is well known that the speed of a motor (having 
a constant field strength) is proportional to the voltage 
impressed on its armature. If, therefore, the field strength 
of the generators is reduced to zero the motor will stop, and 
if the generator field is built up in the opposite direction the 
motor will reverse in rotation. 

The main connections in this system are shown in diagram- 
matic form in Fig. 14, from which it will be seen that the 
four main propelling generators are connected in series and 
each generator is provided with a potentiometer rheostat, the 
switch arms of which are all mechanically geared together and 
operated from the same way-shaft. It will be appreciated that 
on an equipment of this size the rheostats will be of consider- 
able dimensions, and that to operate the switch arms quickly 
by hand would entail considerable physical effort. Therefore 
the way-shaft is operated by a small motor, which is operated 
in turn by a master controller on the control platform, and 
the control gear is fitted with a follow-up device (similar to 
that used in steering gears), which cuts the motor out of circuit 
directly the rheostats are in the position indicated by the 
master control lever. The master controller is of the reversing 
drum type, the drum being directly connected to the lever, but 
the body which holds the fingers is not held stationary; it is 
rotated by the follow-up device. By the side of the control 
lever are two pointers working in parallel slots, one being 
directly attached to the control lever spindle and the other to 
the follow-up motion, so that, no matter how quickly the control 
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lever is manipulated, the actual rate of acceleration or 
deceleration of the propeller motor is always dependent on the 
specd of the rheostat operating motor. The quickest speed 
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Fig. 14.—Control Diagram for Diesel Electric Machinery. 


allowable can be found on trials, and, once set, the operator 
is not able to impose undue stresses or loads on the system. 
In addition to the safeguards given to the system by the 
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fixed speed of the rheostat motor, further protection is afforded 
by an overload relay and a speed limiting switch on the engines. 
The overhead relay is fitted in the main power circuit, and 
whenever the current exceeds a predetermined value, either 
when accelerating or decelerating ahead or astern, it 
immediately interrupts the supply to the rheostat motor, and 
prevents the operator increasing the current beyond this point. 
It is so arranged, however, that if the relay interrupts the 
rheostat motor supply on an accelerating load, a movement of 
the control lever back towards the stop point automatically 
resets the relay and allows of a reduction in propeller speed 
being made. The overspeed switch is actuated by the engine 
governor, and is arranged to interrupt the power supply to the 
rheostat motor whenever the engine speed causes the fuel 
supply to be entirely cut off. 

If power is cut off from the propeller motor, it will 6oê 
to revolve in a forward direction due to the way on the ship. 
Therefore, if the motor fields are excited, a potential will be 
induced in the armature windings, and current will be delivered 
into the system. This power will be dissipated in engine 
friction. Should the power be returned at too great a rate, 
the result would be overloading of the electrical portion or an 
undue speeding up of the engines, but the rate at which power 
is returned to the system is entirely dependent on the speed 
at which the field rheostats are operated. and consequently the 
overspeed switch, which is actuated by the governor, safe- 
guards the engine. 

Due to the fact that the power which can be dissipated in 
overcoming engine friction, and the auxiliary load is constant 
throughout the retarding period of the propeller, while the 
voltage of the electrical power returned by the propeller motor 
to the system is falling with the speed, it is obvious that when 
the propeller approaches zero speed the braking power current 
may require limiting. This is taken care of by the overload 
eurrent relay which functions equally well on an accelerating 
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or decelerating load, and under any condition when the current 
circulating in the main power circuit excecds a predetermined 
safe value the supply to the rheostat motor is cut off. 
’ Immediately the rheostat motor stops, all further increase in 
the braking load is stopped, and, due to the ship itself slow- 
ing up in the water, the braking load begins to fall off. This 
allows the overload current relay to reset and complete the 
rheostat motor supply circuit. The result is that the system 
is simple to manipulate, and is equipped with all the safe- 
guards necessary to prevent the operator abusing the equipment 
when manceuvring. Overload trips and similar electrical 
devices are not provided, it being considered undesirable to 
allow of the possibility of a sudden total interruption to the 
power supply such as might conceivably occur when 
manceuvring. 
` It should be borne in mind that marine conditions are very 
different from those prevailing on land, as in traction or even 
ordinary industrial work. At sea it is necessary to safeguard 
the vessel, whereas on land it generally suffices to allow the 
overload to bring about a complete shut down of the electrical 
machinery. This becomes very evident whenever the question 
of bridge control is considered, a problem which naturally 
appeals to an electrical engineer as being fairly easily solved. 
The actual carrying out of a bridge control gear is admittedly 
not. & diffieult job, but for that matter the control of any 
machinery from a distance—remote control, as it is usually 
termed—is just as easy. Due to the peculiar conditions 
obtaining in an engine room at sea, up to the present at any 
rate, it has not seemed a really desirable feature, and this is 
principally because of emergency conditions which make it 
necessary for the stressing of the machinery to be left entirely 
to the discretion of the engineer. | 
In connection with electrical machinery, it is significant to 
note that it has become usual to control the propeller motor 
from the engine room, the operator depending entirely on the 
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instruments provided in a panel near the lever as a means of 
knowing the condition of the motor. It should be mentioned 
that the usual practice in a ship where the propeller motor is 
in a separate compartment near the stern is for one man to . 
visit it once a watch. This leads up to the question of 
suitable indicators or instruments. These can be divided 
into two groups, one set for manceuvring and indicating the 
electrical condition of the equipment, and those which are used 
for recording purposes, such as integrating watt-hour meters 
and speed counters. 

The instruments provided on the Diesel electric equipments 
under consideration which come under the first heading are:— 


1 Main line ammeter. 

1 Excitation supply ammeter. 

1 Voltmeter with multipoint switch for indicating generator 
and motor armature volts. 

1 Propeller speed indicator. 

4 Total power meters for indicating the combined power 
output in kilowatts of the main апа auxiliary 
generators. 

1 Electrical horse-power indicator for propeller motor 


Provision is also made for the following instruments which 
come under the second heading :— 


1 Propeller revolution counter. 


6 Total power integrating watt-hour meters. 


- When deciding on the first set of instruments, it was realised 
that these should all be under the immediate eye of the 
operator, consequently the number was kept down to the 
minimum. The second set of instruments can, of course, be 
fixed up in any convenient place, and need not necessarily be 


near the control panel. 
The only instruments which may call for any comments are 
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the four total power indicating meters which have scales 
marked in kilowatts and electrical horse-power. ‘These instru- 
ments are very similar to the usual indicating wattmeters for 
use in two- or three-phase power circuits having unbalanced 
phases. In the case under review, one element is connected 
in the main propelling gencrator and the second element in its 
companion auxiliary generator coupled to any one Diesel engine. 
This enables the attendant to see at a glance the total load 
on any particular engine, without first having to make a mental 
calculation of the propelling load and adding it to the auxiliary 
load before he knows the true engine load. This is particularly 
useful, because immediately below each total power indicator 
there is placed a hand-wheel which controls the load-adjusting 
rheostat. This rheostat is in series with that particular main 
generator ficld, and by means of it the operator is able to vary 
that particular engine sct’s contribution to the propelling load 
and to keep the engine on full load, irrespective of the load 
on the auxiliary dynamo. 

The integrating watt-hour meters mentioned under the second 
set of instruments are for use in an exactly similar manner 
to similar instruments in a land installation. These should 
enable the owncrs to make valuable comparisons between 
different ships, and by this means a lot of hitherto unknown 
factors ean be analysed, making it easy to see how fuel cost 
сап be reduced to a minimum. For instance, if two similar 
vessels give equal performance as regards cargo carrying and 
speed, but onc consumes more fuel than the other, the power 
integrated on the two sets of instruments will immediately 
show if the engine is at fault, or if the result is due to 
defects in the propeller or ship's hull. Incidentally, it will also 
show up the skill of the navigator. 

Suitable isolating switehgear is provided which allows of any 
of the main generating scts to be quickly taken out or put 
into the propelling circuit without interrupting the power supply 
to the main propeller motor. 
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Some advantages of the Diesel electric drive are:— 

1. Reliability. From the arrangement described above, it 
will be noted that there are four engines, four main generators, 
and four auxiliary generators. These generators drive the 
double-unit propelling motor running at a suitable speed for 
the propeller, and it will be seen that any unit can easily 
be cut out of circuit without interrupting the power to the 
propeller, while any adjustments which are required to be 
made on the Diesel engines, which if left might result in a 
serious breakdown, can be attended to at once with practically 
very little difference in the speed of the ship. Assume that . 
one of these vessels is going full power ahead with all the four 
engines working, and it becomes necessary to cut out one of 
them. This would reduce the power to the propeller by 25 
per cent., but 25 per cent. reduction in power only means 8 
per cent. reduction in speed, and as this operation can be 
carried out without stopping the ship, the engineer would 
immediately do it rather than attempt to carry on with the 
defective engine until he got to port. With four engines it is 
hardly likely that all would go out of commission at the same 
time, and the ship would get to port even if three engines 
were broken down. 

It is gencrally admitted that troubles on a Diesel engine 
inerease very considerably with the diameter of the cylinder, 
and the difficulties in designing and running a slow-speed Diesel 
are considerably greater than those which are met with in 
designing and running moderate speed and moderate powered 
engines. | 

2. Economy. Taking the саге of a 8,000 horse-power 
equipment, while it is true that from 11 to 18 per cent. is 
lost at full load in the direct current electric transmission 
between the prime mover and the propeller, this is largely 
discounted by the fact that a single propeller can be fitted, 
which is more efficient than twin propellers, as the losses due 
to the bossings and appendages are eliminated, and also the 
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propeller runs at a slower speed than is usual with direct- 
coupled Diesel engines. 

With an electric drive it is possible to run at the same 
efficiency at all loads from one-quarter power up to full load, 
and a great number of shipowners will appreciate the fact that | 
economical running can be obtained over a wide range of power, 
for, depending on the condition of the freight market, it is 
sometimes desirable to run a ship at a slower speed than at 
other times. 

3. Ease of Control. The arrangement outlined with direct 
current gives a most flexible control, and all reversing is 
carried out on fields without breaking the main circuits. With 
an electric drive the necessity for carrying a large number of 
vessels filled with compressed air for starting and reversing is 
eliminated. 

4. Auxiliary Power. 16 is possible to obtain all the required 
auxiliary power from the main engines, thus eliminating 
auxiliary sets. For instance, on the three ships now under con- 
struction, the auxiliary power required in connection with the 
freezing load is quite considerable, and it is arranged that the 
two main freezers are driven from one auxiliary generator and 
the cargo fans and the running auxiliaries from another 
auxiliary. As the total auxiliary load with the fruit on board 
amounts to over 500 horse-power, a considerable saving is 
effected by eliminating separate auxiliary engines; also the 
main generators can be used in port operating the electrically 
driven winches, which in themselves constitute a heavy load. 
This feature of being able to turn the electric generators to 
various uses should be of great importance in such special 
vessels as dredgers, where the pumping load is almost as great 
as the propelling load. One set of prime movers can be used 
for both purposes. 

5. Cost. At first sight it would appear that a Diesel 
electric ship would be more costly than a ship equipped with 
direct-coupled Diesels, but when the difference in first cost 
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between the low-speed Diesel and the high-speed Diesel is 
taken into account, and also the elimination of large auxiliary 
sets, the difference in cost is very little and in favour of the 
electric drive. 

From the manufacturers’ point of view, there is also the 
advantage that the adoption of the electric drive with Diesel 
engines would eliminate a lot of special work in the Diesel 
engines, and would tend to the standardisation of various sizes. 
Thus with one engine of 750 horse-power it would be possible 
to fit various sizes of propelling equipments without any 
departure from the standard engines. Two of these units 
could quite well be used for a 1,500, three for a 2,250, four 
for a 3,000, five for а 8,750, and six for а 4,500 horse-power 
equipment. ; | 

An advantage which applies to both types of drive is that 
the prime mover can be placed in the ship without regard to 
the centre lines of the propeller shafts. This flexibility is 
attractive, as in some cases it is possible to do away with the 
shaft tunnel by placing the motor right aft in the ship, with 
a consequent saving of space and giving a clear hold for storage. 

My thanks are due to the British Thomson-Houston Co., 
Ltd., for permitting me to use drawings and other informa- 
tion, and to Mr. Jewitt and Mr. Clough for their assistance 
in the preparation of this paper. Т also have to thank 
Messrs. Cammell Laird & Co., Ltd., for allowing me to 
publish the two drawings showing the machinery arrangement. 


Discussion. 


Mr. Bevis P. CoursoN, Jun.: The successful development in 
this country of the Diesel engine for propelling ships has 
recently made very rapid progress, and there is undoubtedly 
a big field for its application, particularly when electrical 
means are used for transmitting power from a: plurality of 
engines to the propeller shaft. It is possible also that the largest 
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ships may be successfully propelled in like manner; but it 


should be borne in mind that within a few years a large number 
of ships so equipped, together with steamers burning oil, may 
be the cause of forcing up the price of oil to such an extent 
as to make the Diesel engine an unprofitable investment. It 
13 true that the fuel consumption of steamers using, steam 
pressures and temperatures at present in vogue does not 
approach the fuel consumption of the Diesel engine. On land, 
however, the economies made by the use of high pressure and 
high temperature steam are being rapidly recognised. For 
large power stations in America equipments are being built 
having steam pressures of 500 lbs. per square inch and 750 
degrees F. temperature, and there is no reason why steam of 
800 lbs.—or possibly 1,000 lbs. pressure and 800 degrees F. 
temperature—should not be used. Undoubtedly such steam 
conditions will be adopted in the near future. By using water- 
tube boilers, high-pressure steam applications could also be 
made on ships, in which case the fuel economy of steamers 
would approach very closely that of the Diesel engined ship. 
In addition to high-pressure steam developments, large sums 
of money are being spent in America in developing a new 
thermo-dynamic process for generating power, using two fluids 
instead of one, and the fuel economy of such a process is 
better than that of the Diesel engine. Considering this ques- 
tion, therefore, from a broad point of view, it would seem 
desirable to have the largest new ships equipped so that they 
could easily be changed over from oil fuel to coal. 

While the engineering art in this country is being rapidly 
. advanced by Diesel engine builders, I regret to see the 
retrograde step among shipbuilders when proposing the use of 
single-reduction gear between turbine and propeller as a means 
to overcome the trouble experienced with double-reduction 
gearing. It is impossible, in most types of merchant ships, to 
obtain the best speeds for turbines and propellers by this means. 
When using the single-reduction gearing a compromise must 
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be made, and thus the turbine speed adopted is too low and 
the propeller speed too high, which means a poor fuel economy 
per effective horse-power. By favouring the turbine speed 
at a further sacrifice of propeller speed, it is possible to make 
the fuel economy per shaft horse-power fairly good; but, in 
such a case, the fuel economy per effective horse-power would 
be poor, and, of course, it is the effective horse-power that 
drives the ship. Aside from the question of fuel economy, 
the high-speed turbine is lighter, cheaper, and simpler than 
the low-speed turbine. When considering replacing double- 
reduction gearing on a ship, a careful study of the boiler 
capacity should be made, as the steam needed to propel the 
ship at the same speed with single-reduction gearing is sure 
to be considerably more than with a well-proportioned high- 
speed turbine and double-reduction gearing. One other point 
of most importance to the shipowner is the reliability of pro- 
pelling machinery. The company I represent, namely, the 
General Electric Company, of America, together with the 
affiliated company, the British Thomson-Houston Company, 
of England, have built, and are building, electrical propelling 
machinery for more than 40 ships. Two of these equipments 
have been operating for 13 years, and others for lesser periods, 
and their reliability has been proved beyond doubt both in 
merchant ships and in warships. The electrical machinery 
on all these ships has cost practically nothing for maintenance. 

Sir Eustace H. Т. p’Eyncourt, K.C.B., F.R.S.: At the 
recent reading of a paper on the same subject before the 
Institution of Naval Architects in London, prepared by Mr. 
Emmett, of U.S.A., I made a few remarks, drawing attention . 
to the fact that for warship work electric transmission involved 
both additional weight and additional space; both of these 
considerations have prevented the Admiralty adopting the 
method of electric transmission hitherto. 

Mr. В. J. BurLER: In view of the scarcity of reliable 
inforination available in this country on the subject, this paper 
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should receive a cordial welcome. The following remarks are 


offered, not so much by way of criticism, as to induce Mr. Belsey 
to amplify his contribution and elucidate one or two points not 
touched by him. On page 401 he states that ‘‘ Motors 
and generators designed for ship propulsion differ considerably 
from those intended for use on land,’’ whereas, in referring to 
alternating current generutors, he states that the '' high-speed 
generator of standard design and construction, such as in 
general use on land, is suitable for use at sea.” These two 
apparently contradictory statements can doubtless be explained. 
He admits that both synchronous and induction motors have 
their disadvantages, and details these for the latter type, but 
quotes only the good points of the former, and perhaps he would 
add the weak points also of the synchronous type, which has, 
so far, not been tried out at sea to the same extent as the 
ordinary induction type. With respect to ventilating and cool- 
ing, this probably is the most difficult problem in electric pro- 
pulsion equipment, and I should like to ask Mr. Везеу if his 
firm has considered a straight water-cooled equipment using 
either the sea or condensate as a cooling medium. Messrs. 
Parsons applied this principle to rotors some years ago, but it 
has not, so far as I know, been applied to the stator portion. 
If this could be successfully achieved, it would eliminate at 
once all the cumbersome air ducts, and have many other 
advantages. In his comparative statements of economy, I 
think Mr. Belsey is too sanguine. The total loss in alternators 
and cables and motors in his table on page 419 appears very low, 
und has not yet, I think, been completely established at sea. 
Moreover, in his comparison with double-reduction and single- 
reduction geared drives, the turbines can readily be of a greater 
number of stages with relative water rates reduced to, say, 
97 and 98 as compared with 100 for a single turbine unit driving 
a generator. Mr. Belsey gives a hypothetical figure of ‘8 lb. 
of oil per shaft horse-power over all. Does he mean this to be 
'8 lb. fired and burnt under the boiler? ‘8 of 18,500 = 14,800, 
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and if 18,700 is the quantity used by the engines, this involves 
a boiler efficiency of 924 per cent., a figure not yet obtainable. 
Perhaps he would be good enough to quote the consumption 
of the '' San Benito.” Зо far as my knowledge goes, the best 
figure yet attained has been in the small Scandinavian ships, 
'* Pacific,” ''Stal," and ‘‘ Uranienborg,” fitted with Ljung- 
stróm non-reversible turbines and double-reduction epicyclic 
gear with clutch reversal, in which `8 lb. oil has been obtained, 
but the electrically-driven vessels of about the same power 
have not been under 79 lb. 

Mr. Belsey states that electrical repairs can be carried out 
by an electrical engineer of ordinary training. How many such 
trained men are on the permanent staff of the '' San Benito ''? 
The absence of noise in an electrically-driven ship is, I think, 
a little overrated. In my experience with well cut gears there 
is no noise outside the engine room, and, in such electrical suips 
as I have been on, the high-pitched whistle of the cooling air 
intake to the generators was of the same order of intensity as 
that of gears. The Diesel electric equipment has many attrac- 
tions for a double-purpose vessel of small power, but I do not 
think that & case has been made out for this type of drive in 
the case of the ships quoted, where there is not so much an 
alternating demand for power from one or more units, but 
‘rather an abnormal auxiliary load. This could have been quite 
well met by a direct-coupled Diesel engine with suitable 
auxiliary generator sets, and would have given more flexibility 
than can be obtained with the present equipment, besides 
reducing the number of units. Mr. Belsey says that the cost 
.of the electrical equipment is slightly less than the direct- 
connected Diesel drive, and it would be interesting if he could 
quote comparative figures to confirm this statement. As to 
reliability, the large slow-running Diesel engines, in use at 
present, give only a fraction of the trouble caused by abnor- 
mally fast-running small auxiliary engines, and the present 
tendency is to reduce the rate of revolution as far as possible. 
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A 750 brake horse-power engine running at 250 revolutions per 


minute continuously is, I think, the upper limit of speed, and 
one main engine at 90 revolutions per minute and three 200- 
kilowatt generators at from 210 to 230 revolutions per minute 
would seem to be much more attractive. At the present time 
it is difficult to get good Diesel engineers for ships, still harder 
will it be to get combined Diesel and electrical engineers of 
high calibre. Mr. Belsey will probably gather from the above 
remarks that I am prejudiced against the electric drive. On 
the contrary, I am an enthusiastic believer in it, and do not 
want to see it killed by advocacy in unsuitable cases. 

Mr. RoBERT Love (Member): In connection with the use of 
synchronous motors for the propulsion of twin-screw vessels, 
I should like to know if there is any possibility of one of the 
motors, under certain conditions, getting out of step, with 
the consequent liability to stoppage. For instance, in the case 
of ordinary twin-screw machinery when the rudder is put hard 
over, the speed of rotation of one shaft is increased and that 
of the other reduced. Mr. Belsey might state what arrange- 
ments are made to cope with a condition such as this in the 
case of the electrically-propelled vessel. 

Regarding the statement that ''the difficulties in designing 
and running & slow-speed Diesel engine are considerably 
greater than those which are met with in designing and running 
moderate speed and moderate powered engines,’’ I understand 
Mr. Belsey classes a 750 brake horse-power engine running 
at 250 revolutions per minute under the latter category. 1 
has been proved by successful operation in service that the 
slow-speed Diesel engine is a thoroughly reliable machine, and 
can operate continuously for long periods under the conditions 
prevailing on board ship. It will generally be found that, 
where electric generator Diesel engines, operating at from 250 
to 300 revolutions per minute, are fitted, these call for con- 
siderably greater attention and upkeep than is required for the 
main propelling units. For the generation of electric current 
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on board ship, I think it will generally be found that Diesel 
engines operating at a speed not exceeding 200 revolutions per 
minute will prove the most satisfactory proposition, especially 
under conditions requiring continuous operation over long 
periods. 

Mr. A. G. Gow: In connection with the electric provulsion 
of ships, Mr. Belsey has placed before the Institution some 
valuable information, including results of personal experience, 


Е: 


and proves that in the ease of the “бап Benito ” the marine 
electrical installation can give every satisfaction, particularly 
in respect to that all important factor—reliability. However, 
to ensure a continuance of this high standard, it is very neces- 
загу to pay particular attention to design, materials, and 
construction to meet the special conditions obtaining on ship- 
board, and I feel that Mr. Belsey is taking rather much for 
granted when he states that standard machinery used on land 
is suitable for sea service. The following special features 
should be embodied in the design if reliability is to be 
maintained : — 

1. Copper sections should be abnormal, so that plant will 
operate continuously in the tropics without deteriora- 
tion of insulation, due to excessive temperatures. 

2. All parts must be able to withstand vibration, shocks, 
and stresses, to which land equipment is not sub- 
jected. 

3. Special impregnation of insulation to guard against 
moisture. 

4. Neither actuation nor lubrication must be affected by 
the rolling or pitching of the vessel, and ring lubriea- 
tion should work effectively when the ship is inclined 
15 degrees either to the side or end on. 

5. Oil flingers on shafts should prevent oil creeping to 
windings, especially when machines are out of normal 
position, due to the causes just mentioned. 


FOR PROPELLING MACHINERY 443 
Mr. A. G. Gow. 
Ventilation of machines is certainly a highly important 


matter, and should be so arranged as to minimise the deposit 
of moisture, oil, or salt on the internal windings. The con- 
tinuously enclosed air-circuit with coolers, referred to by Mr. 
Belsey, seems to meet the case admirably, and this, or some 
similar arrangement, should invariably be adopted. In a 
Diesel engine room oil vapours are always present, and are a 
source of trouble when allowed access to the windings of 
electrical machines. The Diesel electric scheme outlined in 
the paper embodies some new features, and it is interesting 
to learn that the variable voltage system is considered 
to provide advantages over the more usual constant-pressure 
arrangement. Presumably the uncertain parallel running of 
Diesel dynamos is a factor entering into the problem, and I 
should be glad to learn if this is so. 

Mr. W. MCCLELLAND, O.B.E.: The author has furnished 
very complete information concerning the electric transmission 
of power for propelling machinery of merchant ships, and in 
large measure has avoided controversial comparisons. Gener- 
ally speaking, the reciprocating steam-engine drive for merchant 
ships, although simple, well tried, and reliable, is less 
economical than any of the electric schemes which he has 
suggested. A direct-coupled turbine scheme may be discarded 
owing to the incompatibility of the most suitable speeds of 
the turbine and the propeller, with consequent ineconomy. 

A turbo geared drive depends for success on the provision 
of very accurately cut gears, on the selection of the proper 
materials for those gears, and on their careful installation on 
board. The paper read by The Hon. Sir Charles Parsons, 
F.R.S., on '' Mechanical Gearing’’ before the Institution of 
Naval Architects, on the 22nd March, 1923, indicates the serious 
trouble which has been experienced with mechanical gearing 
as applied to geared merchant ships. The discussion on that 
paper shows clearly that the causes of the troubles experienced 
are claimed by marine engineers and metallurgists who have 


— 
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investigated the problem to be many and various, and, apart 


from heavy cost of upkeep, leads one to suspect anxiety among 
engineers responsible for the behaviour in future of mechanical 
gears in merchant ships. 

On page 421 Mr. Belsey furnishes particulars of observations 
taken on an electrically-driven ship during a cyclonic storm, 
in which he shows that the power varied in the ratio of 7:1 in 
64-second periods. I was cn board this ship at the time, and 
am able to confirm these figures, which indicate the varying 
stresses which must be set up in the gears of a geared ship. 

The turbine losses of the turbo electric and turbo geared 
drives which are furnished on page 419 are interesting, 
and, having regard to the reliability of a turbo electric system 
and its small cost of upkeep, should tend to assist marine 
engineers and shipbuilders in solving their problem as to the 
best and most economical type of drive for future ships. With 
any electric drive the auxiliaries should be electrically driven 
with much gain in economy. | 

The author makes reference to the accurate measurements 
of power which can be made on any ship electrically installed 
as compared with the methods in use in connection with purely 


steam drives. This is an important point: '' Services other 
than the main drive” in many cases in the past have been 
responsible for heavy consumptivns of fuel! Тһе Diesel 


electric drive described offers great possibilities for compara- 
tively small merchant ships. The subdivision and arrangement 
of the sets give a good degree of reliability and efficiency at 
all loads, although in the absence of weights, sizes, and cost 
both of installation and maintenance, it is difficult to make a 
comparison with a turbo electric drive. The relative merits 
of different drives in the case of cach new design of ship should 
be fully considered, as it is only by the study of detail in such 
cases that progress will be made. 

Mr. CAMPBELL MACMILLAN, B.Sc. (Member): It is very 
gratifying to find the Institution resuming the consideration of 


FOR PROPELLING MACHINERY 445 
Mr. Campbell Macmillan, B.Sc. 
electrical methods of ship propulsion. Since the time, many 


years ago, when the late Mr. H. A. Mavor, in papers before 
this Institution, so ably forecasted many subsequent develop- 
ments, until the present stage, at which Mr. Belsey is in a 
position to give an interesting analysis of actual achievement 
in this field, much valuable pioneering work has been done. 
Mr. Belsey’s paper, which is an important contribution to the 
authoritative data on this subject, will serve to round out the 
stores of information covering the various alternative methods 
of ship propulsion. Having been in touch with the design of 
several well-known examples of electric propulsion equipment, 
in which induction motors were employed, I should like to 
supplement Mr. Belsey’s remarks at one or two points. 

The stalling of the motor, or falling out of step, is not nearly 
so severe on the generator as a short circuit. When it is 
connected to an induction motor of suitable characteristics, the 
latter, even when stalled, will constitute a series reactance 
of from three times to seven times the internal leakage 
reactance of the generator, and will modify the maximum 
current accordingly. To anyone unfamiliar with the design 
constants used in ship propulsion equipments, Mr. Belsey’s 
statement without qualification might fail to give a correct 
impression as to the ease and safety with which large quan- 
tities of varying electrical power can be handled on board ship. 

The disadvantages of the induction motor, as listed on page 
405, are subject to some qualifications. It is very difficult to 
correct some of the misapprehensions associated with the con- 
ventional phrase, ''small air gap.’’ The experience of the 
manufacturing companies with the greatest available amount 
of data absolutely discounts the fear of small air gaps. In 
comparison with turbine practice and turbine conditions, the 
smallest induction-motor air gap used is very liberal, and the 
actual absence of complaints based on air gap defects amply 
confirms current enginecring practice as thoroughly conserva- 
tive. Under “ disadvantages’’ the alternatives available as 
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substitutes for slip-ring rotors with external resistances are 


omitted, although mentioned elsewhere in the paper. The 
rheostat may be omitted if a high resistance squirrel-cage is 
provided in the rotor, and in many cases a double squirrel-cage 
rotor with neither rheostat nor slip rings may meet all require- 
ments in a very satisfactory manner. It should not be for- 
gotten that the slip-ring motor with an external rheostat has 
certain possibilities not provided by alternative types. One 
rather unusual requirement occurs in the case of vessels 
operating in frozen waters. Such vessels sometimes have pro- 
pellers suitable for ieebreaking when going astern. If the ice 
does not instantly give way the motor is stalled, but it is 
desirable to maintain full-load torque or more until the pro- 
peller breaks clear again. For this purpose an external 
rheostat, of capacity sufficient for continuous full-load current, 
is obviously superior to the other alternative means of securing 
starting reversing torque. This provision has already been 
specified in plans for electrically-driven ferry boats. More 
usually, however, the special feature which recommends this 
type of equipment is the opportunity it affords of inversion. 
Provision ean easilv be made for supplying power to the slip 
rings in case of accidental damage to the stator windings. This 
emergency method of operation has already demonstrated its 
value in actual practice. After an engine-room fire, an 11-knot 
electric ship steamed to port for a couple of days at about 
nine knots, with stator windings completely short circuited. 
With suitable emergency switches this change over is a matter 
of minutes or seconds. rather than hours, and in dangerous 
situations no other form of emergency repair can compete with 
it for promptitude. One might almost say that, with a high 
degree of probability, the phase-wound rotor with slip rings 
furnishes insurance cquivalent to that obtained from a duplicate 
motor in reserve. 

Mr. Belsey very properly emphasises the fact that, contrary 
to & general impression, the reliability of large motors is 
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superior to that of small motors, for the very good reasons 
given. A somewhat similar misapprehension seems to exist 
as to ease of manipulation. When installed on board ship the 
manceuvring power of electric motors is sufficiently impressive, 
but in order to realise fully the possibilities of the control 
system, one must see the ease with which a large motor 
responds when running free on the test plate. Anyone who 
wishes to form a correct impression of electric equipment, and 
its ease of manipulation, should seize any opportunity which 
offers to witness such a demonstration. 

Referring to the ‘‘ Accurate and Constant Measurement of 
Power," if Rudyard Kipling were to write a sequel to his 
tale of “Тһе ship that found herself," dealing with the more 
recent electrical type, he might well entitle it ‘° The ship that 
knew what she was doing." As pointed out under this sub- 
heading, page 421, the engineer of an electric ship can observe 
his machinery swing through a complete range of engine-room 
experience from 30 per cent. power to 200 per cent. power 
and follow every move, second by second, on his instruments. 
In no other drive is any such intimacy between a man and 
his engines possible. It may be some time before the import- 
ance of such intimate knowledge is fully realised by ship 
operators, but the results will accumulate, and have already 
begun to accumulate, and will gradually be translated into 
terms of profitable operation. As an interesting side light on 
the habits of the ‘‘ Ship that knows what she is doing,’’ there 
is the testimony of operators of electric ships, who have 
demonstrated that they can tell from their switchboard instru- 
ments, without taking soundings or even slackening speed, 
when the ship is passing through shallow water. 

Without disparaging in any way the wonderfully good results, 
in terms of fuel consumption, secured by the direct Diesel 
engine, 16 may be permissible to point out some general con- 
siderations which will determine the ultimate tendencies in 
marine engineering. In any form of prime motive power, it 
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would seem that the desire for light weight must necessarily 
lead to the first conversion to mechanical power at the highest 
possible mechanical speed. Since the last link in the chain is 
hydraulic and the laws of hydraulic propulsion, apart from any 
particular form of propeller, are well understood, it follows that - 
some form of speed-reduction gear is involved. In this field 
competition seems to be between mechanical and electric 
gears alone, and that competitor will survive which proves most 
adaptable to the increasing demands which will undoubtedly 
be made. From our present knowledge of the flexibility and 
adaptability of electric transmission of power, we may antici- 
pate that there is a great future for electric transmission 
equipment in the propulsion of ships. 

Mr. Esxit Bere: It is very hard to discuss such a well- 
arranged paper, so full of actual facts. The comparisons made 
are, if anything, a little too conservative, and all I can do is 
to bring out a few more facts in favour of electric pro- 
pulsion. One of its strong points is that a most economical 
turbine can be built. There can be no argument but 
that a single casing turbine is more efficient than the same 
turbine split up in two or more casings. If a single casing 
turbine is used in connection with gears, the distance between 
the bearings becomes greater, due to the space occupied by 
the reverse wheels. As the deflection of the shaft varies with 
the cube of this distance, a heavier shaft must be used on the 
geared turbine. This means more leakage of steam through the 
various glands, also more weight and bearing losses. As all 
the reversing is done electrically, there is no great temperature 
variation in the turbine while this is being done; consequently 
smaller clearances can be used with the same factor of safety, 
which all goes towards increased economy of the turbine. 

The development and improvement toward steam economy 
in turbines driving clectric generators have been gradual and 
continuous. All reliable turbine data and improvements in 
turbine designs and steam economy have been derived from 
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this source, because accurate measurements as to power 
developed and steam consumed can easily be made. Turbines 
driving generators are now built on which the steam consump- 
tion can be guaranteed within a fraction of one per cent. of 
the actual test result. The economy of ship turbines, on the 
other hand, is most uncertain. With respect to the difference 
in economy between high-speed and slow-speed turbines, in 
the example given for double-reduction gears and electric drive, 
Mr. Belsey no doubt is figuring on 3,000 revolutions per 
minute for each of the 7,000 horse-power turbines. For single- 
reduction gears, he is figuring on an 11:1 reduction. This would 
mean a turbine running at 1,100 revolutions per minute. 
Assuming the gear to be 12 feet in diameter and the two 
pinions 11 inches in diameter, with a tooth pressure of 615 lbs. 
per inch width of tooth, the length of each helix would be 
25 inches, or 50 inches ‘driving face for each pinion. Such a 
design would allow a slightly higher gear ratio, 1:18:1, and 
consequently better turbine design. For a-7,000 horse-power 
turbine, 1,310 revolutions per minute is, however, entirely too 
slow &' speed to give economical results. For that number of 
revolutions a turbine having a capacity of about 55,000 поме: 
power would give the best economy. 

While theoretical calculations may show fair economy on 
slow-speed low-power turbines, the fact remains that when 
these turbines are ‘built and tested they do not come up to 
expectations within from 10 to 20 per cent. The reason for 
this discrepancy is, no doubt, due to the increased loss from 
the eddying of the steam in all the dead spaces of the many 
stages. In order to design an efficient turbine, it is necessary 
to do as much work as possible per bucket, then the friction 
and eddy losses naturally become a less percentage. Тһе 
- differente in economy between а 7,000 horse-power turbine 
running at 3,000 revolutions per minute and one running at 
1,310 revolutions per minute, when actually tested, will be 


found to be a great many percent. Many ships are now running 
81 
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with single-reduction gears, which are giving satisfactory gear 
performance; but, on account of the slow speed of the 
turbine, the economy of the whole ship is no better than with 
reciprocating engines. 

The measurement of gear losses, by taking temperature 
readings of ingoing and outgoing oil, is not accurate, as it 
involves the unknown factor of radiation by the gear casing 
itself. Actual measurement of the power loss has been made 
by the General Electric Company in Schenectady by taking 
two double-reduction ship gears and connecting them together, 
having the turbine at one end and a high-speed generator at 
the other. Complete sets of tests were run under varying load 
and speed conditions. Then the gears were removed, and the 
turbine was directly connected to the same generator. With 
conservative tooth pressures, which now are found to be neces- 
sary for long life of the gears, and in order to take care of 
the great load fluctuation in a heavy sea, the efficiency was 
found to be 94°5 per cent. At double this load the efficiency 
was 95°8 per cent. Tests made in a similar way on single- 
reduction gears, but of smaller capacity, indicate that .for con- 
servative design, and with speeds required in ship work, the 
efficiency runs from 97 to 97:5 per cent. АП tests show what 
one would naturally expect, namely, that slow peripheral 
speed, with high tooth pressure, gives high efficiency, and that 
this efficiency falls off rather rapidly with increased speed and 
low tooth pressure, which latter condition, unfortunately, is 
practically unavoidable for ship gears. The loss incident to 
the reversing wheels depends, of course, upon the amount of 
power and torque for which this reversing element is designed. 
Actual test of the reversing element of a 2,500 horse-power ship 
turbine was made in Schenectady. This element gave full-load 
torque at standstill, which was only 58 per cent. of the standing- 
still torque of the forward element. The losses were found 
to be 44 horse-power or 1°76 per cent. when running in 28 
inches of vacuum. With 20 inches vacuum, and normal speed, 
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the reversing wheel turned blue with heat. The loss in the 


cross-over steam pipe depends naturally upon the size of the 
pipe and whether or not there are controlling valves in the 
pipe. Besides the actual pressure loss in the pipe, there is 
also a loss incidert to taking the steam out of the high-pressure 
turbine casing due to the eddying of the steam in. the casing, 
and also a loss in starting the steam in the low-pressure 
turbine. This loss in a small turbine of 6,000 horse-power is 
at least 2 per cent., and may be very much higher. 

All the electrically-driven ships, as built by the British 
Thomson-Houston Co. and General Electric Co. in U.S.A., 
have proved themselves absolutely reliable. All the electrically- 
driven ships operated by the Shipping Board are in continuous 
operation, and have won the reputation of being their most 
reliable ships, and are, therefore, kept mostly on their far 
eastern route. The four electrically-driven Coast Guard cutters 
have probably scen worse weather conditions than almost any 
ship, and so many articles have been published about their 
wonderful performance and reliability that it is too well known 
to dwell upon in this discussion. The 20,000-ton collier 
"Jupiter," now in operation nine years, has never had a 
mishap or shut down at sea. Нег repair bills for electrical 
apparatus have consisted in replacing some worn-out rheostat 
grids at a total cost of about $70. The reliability of the 
“Jupiter,” as well as her good economy, made the U.S. Navy 
decide to adopt electric propulsion for all capital ships, and 
all the battleships have a perfect record as to reliability. The 
20,000-ton twin-screw. Japanese fuel ship “ Kamoi’’ left the 
builders’ yard at Camden, N.J., U.S.A., for her initial trials, 
which were proclaimed by the officials as the most successful 
ever held by them. After these trials the Japanese crew took 
the ship to New York, and from there to Japan. During this 
long journey there was not one second’s delay or shut down, 
although most severe weather was encountered all the way 
from Honolulu to Japan. The electric drive, whenever 
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installed, is always liked by officers and sailors, and they are 


always the greatest enthusiasts for this type of propulsion. 

Mr. С. A. Pierce: І am numbered among those who, up 
to the present time, have not been able to see anything what- 
ever in the electric drive, either turbo electric or Diesel, as 
recent trials on vessels in this country have demonstrated 
beyond a doubt that mechanical reduction-gear propulsion is. 
far superior as regards weight, space, and efficiency. Based 
on fuel consumption for reduction gear, the past performances. 
for the electric drive show 18 per cent. more fuel required at 
full power and 90 per cent. more at one-tenth power; further, 
these results are better than those guaranteed in the contract 
by the builders, which are, in general, contrary to develop- 
ments with electric gear drive, as in very few cases have the 
builders been able to meet the guarantees given. - 

Mr. Betsey: Mr. Coulson mentions that in America 500 lbs. 
pressure and possibly 1,000 lbs. is contemplated. I might 
mention that there are several land generating stations in this 
country that are already working with 350 lbs. gauge pressure 
and a total steam temperature of 750 degrees F., while one 
station is working with 500 lbs. gauge pressure. -As Mr. 
Coulson remarks, if these pressures are used, fuel consump- 
tion approaching that of Diesel engines can be obtained. The 
first of the by-liquid boilers is now going into commercial 
use in America,. and it is hoped that Mr. Coulson will 
supply some figures on this equipment when it has béen 
in operation. | 

The apparent contradiction referred to by Mr. Butler is 
explained by the fact that, in land work, alternating current 
generators have to be designed to meet two fixed conditions, 
namely, periodicity and voltage, and, therefore, the designer 
has not a free hand; but for an electric propelling equipment: 
neither of these limitations exists to any serious extent, which 
results in the production of a generator having a voltage .and 
frequency best suited to the particular size of equipment. The 
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best and most reliable form of winding in a turbine-driven 
alternating current generator is one bar per slot, but if a turbo 
alternator should work on a land system the voltage of that 
particular system may be, and often is, too high to permit the 
designer to use this form of winding, and he is forced into 
using a greater number of bars per slot, with a consequent 
sacrifice in insulation. | Water-cooled rotors have been used 
successfully, but that does not solve the whole problem, as 
the stator requires cooling as well as.the rotor. The closed- 
circuit system of cooling, as illustrated in Fig. 9, does away 
with the necessity for trunking and is clean, and can be 
applied equally well to the motor and the generator. It is 
interesting to note in this connection that in some generating 
stations a closed system, such as is described in the paper, 
has been fitted, and a very light gas is used as a cooling 
medium instead of air, with a considerable reduction in winding 
losses. Regarding Mr. Butler’s remarks concerning losses on 
alternators and motors, the efficiencies given in the paper have 
been established both on land and sea, and I fail to under- 
stand in what manner the sea affects the efficiency of an 
electrical machine. The actual shop test figures on a 4,500 
horse-power synchronous motor show an efficiency of 97°75 
per cent., the measurements of efficiency being made with 
instruments calibrated by an independent authority. 

On the question of turbines, I might say that the company 
with which I am associated can claim to have some experience 
with the design of turbines, and their experience indicates very 
clearly that a slow-speed turbine with a great number of stages 
is not economical, and that there is a correct speed for every 
size of turbine which will give the best results. Mr. Butler 
mentions the ships fitted with Ljungstróm turbines, and points 
out the difference in fuel rates between the gear-driven ships 
and the electrically-driven ships. Is not this difference 
probably accounted for by the losses in the gearing fitted in 
that type of electrically-driven ship, and also might not the 
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difference be accounted for by the fact that the measurements 
of power electrically would be more accurate than those 
taken by the usual torsion meter? Ав to the crew carried 
by the ” San Benito,” she has exactly the same number and 
ratings as are carried on ships driven by reciprocating engines, 
which in all ships includes one rated as electrician. It is of 
interest to note that the complete engine-room crew of this 
ship has been changed since she first went into commission, 
and her performance has been equally satisfactory with either 
crew. Further, she has been treated in no way different from 
her sister ships fitted with reciprocating engines. 

Mr. Butler asks for the weak points in the synchronous 
motor. These were given in the paper, and I mentioned that 
it required increased excitation for manceuvring purposes. 
Experience has shown, both in America and in this country, 
that this motor, in conjunction with the turbo generator, is 
by far the most reliable and most economical motor for pro- 
pelling a ship which has to withstand continuous duty at sea, 
1.6., as distinct from cross-channel steamers and ferry boats. 
When it comes to repairs in the case of accident, the whole 
machine can be rewound, if necessary, without disturbing the 
bearings. This means a minimum of space for the motor 
room against at least 100 per cent. extra length if provision 
has to be made for rewinding induction motors without open- 
ing up the vessel. It may be of interest to state that an air 
сар on a synchronous motor with a diameter of 12 feet is about 
$ inch against үр inch with an induction motor. With respect 
to noise, this point cannot possibly be appreciated until one 
has been on а turbo electrically-driven ship where по 
mechanical gears are used in the main transmission, and 
where proper attention has been paid to the enclosing of the 
electrical machines. 

In reply to Mr. Love, I might say that any alternating 
current motor, either of the induction or synchronous type, 
may drop out of step with its generator if the system is not 
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stable, and it is usual on trials to reduce the excitation of the 


system at various powers until the motor does actually 1 геаК 
out of step, so that a curve may be plotted showing the 
minimum excitation values required at various powers. 
Instructions are then given to the engine-room crew to operate 
at an excitation value above that shown on the curve, which 
will give the desired stability. As regards a twin-screw ship, 
the turbine cannot give more power than is permitted by the 
steam passing through it, and as the motor is of approximately 
the same capacity as the generator driving it, and can safely 
absorb the whole of the generator output, it is obvious that 
in turning, the extra load thrown on the inboard propeller 
and motor will result in slowing down the corresponding 
turbine in exactly the same way as with a mechanically- 
driven ship. 

I agree with Mr. Gow that a very high standard of design, 
workmanship, and material must be maintained in connection 
with this application of electricity, but at the same time it 
must be remembered that electricity has been applied to many 
industries, such as mining (where important pumps on which 
the life of the pit depends are driven electrically), in which 
conditions exist just as severe as those met with at sea. The 
same applies to steel works, where motors have to work in 
extremely hot places and reverse many times per minute. 
Electricity has only made headway in all its applications by 
careful attention to the points mentioned by Mr. Gow, and 
I agree with all his remarks thereon. As he surmises, 
uncertain parallel running is one of the deterring factors which 
lead to the choice of & variable voltage scheme, but, apart 
from that feature, it certainly does give & much greater 
flexibility of speed control than any other scheme, and the 
generator can run at & constant speed, which enables power 
from the prime mover to be used for auxiliary purposes. 

I have no comments to make on Mr. McClelland’s remarks. 

Any statements coming from Mr. Macmillan, who has been 
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directly associated with the design of some of the largest 


motors ever constructed,. are worth consideration, .and 1 
desire to thank him for kindly кырынан some parts 
of the paper. 

I have also to nee Mr. Berg for his remarks, with which 
I am in agreement. | 

In reply to Mr. Pierce, I sights say that on ane official fale 
of an electrically-propelled. vessel with 250 lbs. gauge pressure 
and 26 degrees Е. superheat, a fuel consumption cf `966.1Ъ. 
of oil per shaft horse-power at full power, and 1:762 lb. of oil 
per shaft horse-power at one-tenth power, was recorded. 
Therefore, if the percentage difference in economy .between 
geared and electric drives is of the magnitude quoted by. Mr. 
Pierce, it would appear that with these steam conditions the 
oil consumption for a geared turbine would be °78 lb. of oil at 
full power and 79 lb. of oil at one-tenth power per shaft horse- 
power respectively, which is certainly a. great. deal better 
than even the most optimistic advocates of the gear. drive .in 
this country would ever claim. T 

It is regrettable that Mr. Pierce does not give more details 
· substantiating the extravagant statements he makes. Such 
statements do not serve any useful purpose either in promoting 
. that form of drive in which Mr.. Pierce is obviously interested, 
or in retarding the development of the electric drive, which he 
seems equally anxious to do. I would remind Mr. Pierce that 
the efficiency of the prime mover or the transmitting agents are 
not the only factors in the economy of a ship. Some boilers 
are working at an efficiency of 75 per cent., and many others 
are working at an efficiency as low as 60 per cent., representing 
a difference of 25 per cent. in fuel consumption,.which is more 
than sufficient to make a very good prime mover appear bad 
and, conversely, a very poor prime mover. appear good. 


THE ARCH PRINCIPLE OF SHIP CONSTRUCTION. 


By MAXWELL BALLARD. 


10th April, 1923. 


THe following brief description of this principle of ship con- 
‘struction may bé of interest; this design of a purely cargo 
vessel type being perhaps not so well known on this side of the 
border. A number of vessels have been built on the North-East 
‚ coast and in other districts, but it was not until last year 
that the first of the Arch vessels to be built in Scotland was laid 
down on the Forth by the Burntisland Shipbuilding Co., Ltd. 
The construction of the ordinary cargo tramp is practised 
` more on the North-East coast than on the Clyde, and, as the 
majority of patent vessels are confined to this class of tonnage, 
‚1% is perhaps natural that most patent ships, or, as the 
uncharitable designate them, “ freak ships," should emanate 
. from the former. | | 
. The past twenty years have witnessed the introduction of 
a.number of patent ships. One or two types are yet desired 
by shipowners, but the majority have been relegated to ship- 
building history for reasons which, the author thinks, are 
distinctly accountable. Almost all have a common raison 
‚ d'être, namely, an attempt to effect an improvement in the 
compromise between the commercial elements of cargo vessel 
‚ design and/or reduction in the cost of construction. In some at 
least their existence was due to attempts to evade penalising 
rules and regulations, which, of course, is in part the reason 
for the usual three islanders and shelter deckers. The attach- 
. ment of the word '' patent," however, invariably produces ап 
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immediate . antagonistic effect in shipping and shipbuilding 
circles, than which there are no more conservative industries. 

A study of the rapid structural progress in recent years 
of the construction of cargo steamers, in particular with regard 
to the climination of redundant material, the simplification of 
the hull structure, and the consequent reductions in cost of 
production, leaves in no doubt the debt that tramp shipbuild- 
ing owes to patent ships. Introduced mainly in the face of 
opposition and conservatism, the innovations have prefaced the 
greater structural changes—or experiences gained have been 
utilised to the benefit of construction generally. It is perhaps 
not out of place to mention in passing that the Arch design, by 
its redistribution of material, effected a saving, when first intro- 
duced, of some 18 per cent. of material on a carrying power 
basis. The changes and modifications since introduced in 
ordinary construction have considerably reduced that figure. 
Unfortunately, in one sense, the Arch design appears to have 
reached the limit in the elimination of redundant material, and 
other considerations than a permissible stress reduction by 
further decrease of scantling rule. 

The various trade requirements for the ideal economic tramp 
steamer are perhaps more difficult of satisfactory compromise 
than are those for the high-class passenger or intermediate- 
class liner, where definite service conditions as a rule obtain. 
Rarely is it possible for specific trade conditions to be laid 
down, and the wide variations thereof cover a variety of 
diametrically opposed requirements, rendering the ideal of one 
trade impossible in another, and the shipbuilder is consequently 
compelled to effect the best commercial compromise possible, 
the object being to turn out the greatest deadweight and/or 
cubic capacity carrier on a given draught and speed with 
minimum dimensions, lowest net measurement, and at the 
lowest cost of production. 

The objective of the Arch design was entirely economic. It 
was recognised that for practical considerations, and as 
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ordinarily distributed, scantlings were approaching the 
minimum, and that only by scientific redistribution of 
material and by taking the utmost out of restricted forms 
could economy be achieved. The method adopted with its 
resultant compromise will perhaps be better appreciated by 
the following description of the structural arrangements which 
are shown in the midship section, profile, and arrangements 
for a typical Arch vessel in Figs. 1, 2, and 3. 

The structural arrangement up to the normal moulded depth 
of the vessel is identical with that of the usual construction. 
At this depth, instead of the ordinary upper deck with super- 
imposed bridge erection, the upper structure is given the form 
of a transverse arch, the upper and lower abutments of which 
form the termination of the horizontal and vertical span 
of flat structure of deck and sides. The framing of this 
transverse arch is of the nature of a modified web framing 
system, the web or arch bracket frames being arranged, as 
indicated in the drawings, by combining the hatch end coam- 
ings with arch bracket frames and fitting intermediate arch 
bracket frames according to the structural requirements of 
individual cases. The face frames on these arch bracket 
frames are carried right down to the tank knees from tank 
side to tank side. For practical considerations the connec- 
` tions of the deck span to the top of the arch framing are kept 
outside the same, thereby providing the equivalent deck area 
of an ordinary type vessel with usual tumble home. It is thus 
seen that the arch bracket frames are virtually carried right 
round from tank side to tank side, at suitable spacing 
throughout the vessel, forming a series of strengthencd frames 
and binding the structure in an economic and satisfactory 
fashion. 

As will be recognised from this description, the depth of 
the vessel is increased by practically a 'tween deck height 
without increasing the vertical span of side framing, so that, 
while the depth of structural girder is thus increased, i.e., 
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tho depth to Icngth ratio reduced, the virtual frame span 
remains the same, the effect of which upon the кш 
will be appreciated. 

The depth of hold having been thus increased, it was found 
that the readjustment of capacity to deadweight, together with 
the greater freeboard to weather deck, permitted the intro- 
duction of inverse sheer, and the gain in strength afforded 
thereby warranted scantling concession. The transverse arch 
was accordingly combined in the design with longitudinal 
inverse sheer. Longitudinal camber is, of course, as old as 
shipbuilding itself. There have been previous attempts to 
introduce it in merchant ship design, but the proposal was 
not commercially successful on account of the increased 
vertical span of framing and depth amidships. 

The amount of inverse sheer adopted has been about 7 per 
cent. of the total depth of the Arch vessel, and this incidentally 
brings the lowest position of exposed weather deck of the Arch 
ship practically coincident with that of the highest exposed 
point of the normal sheer adopted in the three island type. 
‘The objection to inverse sheer from a sea-going point of view 
is obviously ruled out. Poop and forecastle erections are con- 
structed in Arch vessels as usual. In the case of Arch vessels 
actually built, this inverse sheer is not sufficiently pronounced 
to be a prominent feature. | | 

It is perhaps of interest in passing to mention that two of 
the Arch vessels built had decks parallel to the keel; but this 
was for special trade and considerations. No bridge erection 
13 built, unless requirements render such desirable, but poop 
and topgallant forecastle are added. For accommodation 
purposes a midship house with upper navigating structures 
is built in the usual fashion, together with casing side 
houses as desired by shipowners. This description represents 
the arrangement for an ordinary Arch vessel, which can, of 
course, be modified for a special trade or the particular 
requirements of owners. 
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Before passing to the consideration of the commercial aspect 
of the design, it is perhaps desirable to give briefly the results 
of technical investigations. 

The author regrets that, owing to limitation of time avail- 
able and the vast amount of work involved, it was not pos- 
sible to make complete new calculations for the particular 
ease under consideration; but, although the figures given 
herewith have been published elsewhere, they cover the entire 
ground, and may perhaps be of value. 

The maintenance of transverse strength is a matter of great 
importance. In order to compare this with that of the 
ordinary type of vessel, the author considered that the best 
method to adopt was that initiated by Dr. Bruhn. This 
mcthod of strength calculation enables comparison under any 
system of loading; the drawback is the vast amount of work 
involved and the high degree of accuracy required. It involves 
the consideration of a portion of the ship length independently 
of the neighbouring material, loads, and pressures, the stresses 
and bending-moments being calculated from the centre of deck 
to keel. 

The conditions examined were for an Arch vessel of dimen- 
sions—Length 240 feet, breadth moulded 34 feet, and depth 
moulded 16 feet 5 inches with a draught of 16 feet 2 inch and 
an arch of 5 feet 9 inches, the dimensions of the ordinary 
vessel being similar as to length and beam, but with a depth 
moulded of 18 feet 4 inch in conjunction with the same 
draught. Actual conditions of loading experienced in the Arch 
vessel were taken; and the position of the strip length was 
just forward of the bridge of the ordinary vessel and at the 
corresponding position in the Arch ship. 

The results of the calculations are given in diagrammatic 
form in Fig. 4, the preliminary and final tables for the cal- 
culations by Dr. Bruhn’s system being also given, which will 
enable the calculation to be followed. Positive directions for 
forces and levers are left to right and vertically upwards, for 
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Fig. 4.— Transverse Strength Diagrams. 


No. Inertia. 
0 12:1 
1 12:1 
2 12.1 
3 | 109-6 
4 333-8 
4 333.8 
5 270-0 
0 138-0 
6 138-0 
7 21۰7 
8 21۰7 
9 130 

10 3545 

11 | 3564 

12 4510 
0 16°16 
1 16°16 
2 16-16 
3 16°16 
4 104 0 
4 104-0 
5 28°38 
6 28-38 
7 1045 
8 3720 
9 3750 
10 5070 


М == bending-moments. 
Qx = moments of vertical forces. 
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TABLE І. 


Arca VESSEL. 


Preliminary Table. 


- 0 — 9 
— +1 | 4:995 
— +25 |— 845 
— -40 |-19-675 
— +70 |—16-914 
— +70 |—16-914 
— 6-338 |— 16-914 
— 11-976 |— 16-914 
—17-00 |—16-05 
—17-45 |—11-276 
—17-60 |— 8 
—17-78 | 0 


|DER +++ ++++ 
| n 
© 


| 
л 
D 
oo 
oo 


+ °0 

+ 9 
+ :3038 
+ “6820 
+ 1:206 


+ 1-266 
+ 1-266 
- 1-266 
+ :9228 
--1:338 
— 5:012 
— 9-572 


H. plus V. 


+ °16 
+ 3-34 
+ 13°25 
+20:74 
+42:28 
+ 78°89 


Py = moments of horizontal forces. 


+ 0 
+ 1:139 
+ 4-575 
+10-33 
+1828 


+18:28 
+1828 
+ 18-28 


+1828 
+18:28 
+18:28 
+ 17°€4 
+ 1:467 
— 23°255 
— 55:11 


+ 0 

+ 1:802 
+ 7:245 
+ 16°345 
+ 29°16 


+29:16 
+29:16 
- 29-106 
- 26-29 
+ 7:52 
— 21-08 
— 55:03 


S — moment of structure, foot-tons. 


H. plus V = moment of hydrostatic pressure, horizontal and vertical, foot-tons, 
C = moments of cargo, foot-tons, 
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TABLE II. 
ARCH VESSEL. 


Transverse Strength. 


Bending- Modujus Stress. 
Moment. Inertia. of Tons 
Foot-tons. Resistance. per sq. in. 
| 
6-055 12:1 2-49 29-08 
1:154 12:1 249 | 5-55 
1-330 12:1 2-48 6-40 
1-222 16-96 9-12 1:605 
939 333-8 19-52 577 
:939 333-8 19-52 . ` 71 
384 270 12-19 378 
1:035 138 8-31 1-495 
1:035 138 16°61 8-31 1-495 
461 21°7 4-96 4-38 1-26 
5-827 21-7 4-96 4°38 15-04 
16-262 1330 21-80 61-0 3-20 
14-451 3545 | 15-20 233 “743 
16-387 3564 15-95 223۰5 “878 
23-802 4510 19-08 236-1 1-212 
ORDINARY VESSEL. 
6-683 16:16 | 45-79 | 3-53 22-7 
-089 16-16 4572 | 3-53 +303 
3:078 1616 | 45672 ` 3:53 10-47 
2-26 16:16 | 45672 | 3653 7:69 
2-417 104-00 | 14-882 6-98 4-15 
2-417 104-00 | 14-882 | 698 ^^ 415 
1-342 2838  , 5-808 | 4-88 3-30 
3-280 ` 28:38 | 5808 | 4-88 8-08 
10-649 1045 | 20-54 | 50-80 2-51 
6-758 3720 16-32 222-80 3-56 
1-505 3750 ۰ 1732 ^ 21620 4-17 
| 


16-480 ` - 5070 | 19-90 
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positive moments anti-clockwise. It should be noted that in 
the calculations no account has been taken of outward 
horizontal pressure due to cargo. The bending-moments are 
plotted so as to indicate the tendency of the structure to 
deflect. 


TABLE III. 


STRESSES UNDER HocaiNa CONDITIONS. 


M Tons рч. 
oment А square inch. 
Ship. Position. of Modulus. ЦЯ 
inertia. . 
Deck. | Keel. 


SE ES ees | namin aes ara 
П 


Shelter decker | Complete deck 166,564 | 8,800 | 64,320 | 7-31 | 4:30 
Three islander | Complete deck | 201,452 | 9,751 | 60,134 | 6:17 | 3-66 
through bridge 
Complete deck 111,990 | 6,770 | 60,134 | 8:89 | 4-82 
through well EE 
Arch vessel Complete deck 170,766 | 8,685 | 57,871 | 6:67 | 3-64 


SAGGING CONDITIONS. 


Shelter decker | Complete deck 165,072 | 10,050 | 23,950 | 2:38 | 1-98 
Three islander | Complete deck 199,792 | 11,115 | 29,920 | 2-69 | 2-22 
through bridge 
Complete deck 113,448 | 7,910 | 29,920 | 3-78 | 2:95 
through well 
Arch vessel Complete deck 172,926 |10,120 | 29,900 | 2-95 | 2:31 


1 


The comparative longitudinal strength was investigated by 
using the generally accepted standard method for vessels of 
identieal dimensions and varying types, the particulars being 
as follows:— 
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TABLE IV. 
Displace- Block 
Type. Dimensions. Erection. Sheers. ment, | Draught. | coeff- 
tons cient. 


Shelter 318’ x 46’ 103” x 22’ 0° | Shelter dk. | {8 3” ford. | 6,592 | 20’ 6” | 80 
decker 
Three 318’ x 46’ 103” x 24’ 53” | Bridge, 75’ || 4’ 11° aft. 


s э? 9» 
island | 
Arch 318’ x 46’ 101^ х 22’ 1” | Arch 3’ 6” | T T Ж 
vessel erection inverse | 


the results being as indicated in Figs. 5 and 6 and 
Table IV. 

The relative stability curves for the three island and Arch 
vessels are given in Fig. 8, the metacentric heights being 
assumed similar in both cases. Fig. 7 gives the stability 
curves for one of the actual Arch vessels of 240 feet length 
and 84 feet beam. In the load condition the metacentrie 
height was 2:24 feet, and for the light steaming condition 
5-77 feet. А 

However meritorious the technical considerations of any 
cargo vessel design may be, it is upon the commercial 
attributes that business is done. Broadly speaking, the com- 
mercial attractions of any purely freight carrying vessel lie 
in minimum dimensions for a given deadweight, draught, 
capacity, and speed. Secondary considerations are structural 
arrangements from the point of view of storage and accessibility 
and freight working arrangements, according to individual 
trading requirements; the most economic and satisfactory 
compromise of these factors will result in the most profitable 
vessel. 

The attainment of such necessitates the utilisation of a 
minimum weight of material so distributed in the simplest 
constructional method as to provide maximum capacity, 
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reserve buoyancy, and strength; and the taking advantage of 
existing regulations so as to minimise tonnage dues. 

The material used in the Arch system effects a consider- 
able saving compared with ordinary systems of construction; 
its redistribution in simple constructional manner, utilising 
strength due to form, affords additional capacity, buoyancy, 
and strength, with perhaps the clearest cargo holds offered to 
intending shipowners. The increased depth amidships enables 
the 13 P.P. allowance to be obtained, thereby reducing net 
tonnage. Further, the redistributed weight of hull and cargo 
gives these vessels a shorter pitching period, and, combined 
with the absence of wells liable to flooding and the high free- 
board, effect an improvement in the maintenance of speed at 
sea and in their weather qualities. 

Perhaps the most practical way of illustrating the relative 
designs is by comparative figures. For ordinary commercial 
purposes comparisons on the basis of similar dimensions and 
speed, and alternately similar deadweight and speed, are 
sufficient. 

The comparisons given cover this ground. The raised 
quarter deck vessel, which is perhaps the most usual type in 
the coal export trade, forms the basis of the comparative 
figures, the specifications being identical in all cases. Оп 
this basis the Arch vessel of similar dimensions, draught, and 
speed is compared with the raised quarter decker and also 
the Arch vessel carrying the same deadweight at the same 
speed on the same draught. 

The comparisons are self-explanatory. It will be seen, in 
regard to the two vessels of similar dimensions, that the Arch 
vessel, under precisely similar conditions, shows a gain in 
deadweight of some 65 tons; while for the same carrying 
power the dimensions of an Arch vessel may be somewhat 
reduced, necessitating less power for the same speed. It is 
at once obvious that these gains are respectively reflected in 
the reduced cost of construction as well as in running costs. 
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Fig. 8.—Stability Curves. 
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Increased deadweight itself is not necessarily an advantage 
unless accompanied by correspondingly increased cubic space. 
This, however, is more than adequately provided for in the 
Arch design. Indeed the flexibility and the superiority of the 
design in this respect is markedly indicated by the alternative 
offered in the matter of cubic capacity and tonnage. In regard 
to the latter, either the 13 Р.Р. allowance or the 32 per cent. 
may be designed for, the effects on capacity being shown. 
Particular attention might be drawn to the latter, as it is 
perhaps a general experience amongst shipowners in the coal 
trades that ordinary type vessels are short of capacity and 
do not lift their deadweight. 

The Arch design is confined naturally to single deckers, and 
is suitable for practically any trade in which such are 
employed. Arch vessels have been built for, and employed in, 
general trading, such as carrying in bulk, grain, timber, props, 
and coal. The majority have been for coal carrying, and very 
gratifying comparisons have been made by shipowners. 

In conclusion, it may not be out of place to refer to the sea- 
going qualities and behaviour. Arch vessels have experienced 
all conditions of weather in various seas, and invariably excel- 
lent reports have been received concerning their weatherly 
qualities. Reduced pitching and 'scending has been sub- 
stantiated in a most marked fashion, and this, with the 
increased frecboard and absence of wells to fill in heavy 
weather, enables the Arch vessel to maintain better speed and 
passage times than ships of the ordinary type. 


Discussion. 

Mr. A. L. Ayre (Member): With some knowledge, based on 
my one time association with the Arch patent; some practical 
experiences of such vessels in service; and the very recent 
experience of building a vessel of this design, all of which are 
entirely in favour of the type, I can only offer some observa- 
tions more or less as amplifieation of Mr. Ballard's paper. 
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Of particular interest is the reference in the paper to the 


saving in steel which was obtained by comparison with the 
ordinary type vessel at the time when the Arch design was 
introduced. My recollection of figures attained at that time 
enables me to congratulate Mr. Ballard on his modesty when 
he states 18 per cent. It would be very interesting to. know 
whether the experience in service of the earlier Arch vessels— 
which were exceptionally light in steel weight, although 
excessively strong—has enabled deductions being arrived at, 
admitting of reduced scantlings in other types of vessel. 

Even apart from the reduction of bending-moment owing to 
the redistribution of cargo, the enormous increase of modulus 
of section in the Arch type as compared with the comparative 
section of a three island vessel in way of the well, is a factor 
which theoretically, purely as applied to the longitudinal 
bending-stresses, should allow of still further reductions of 
scantlings, but other considerations, e.g., buckling-stresses and 
questions of the relative effect of corrosion, perhaps call a halt 
in this direction. At this stage of the comparison, the type is, 
however, enormously stronger than the normal type of ship. 

I have always been interested in gathering information from 
those concerned with the running of some of the earlier of 
these vessels. Some time ago I asked the master of one of 
them his opinion as to his vessel in bad weather, and he 
informed me she was very dirty, but the safest type he had 
sailed in. By this he meant that owing to the large freeboard, 
and the indentation in the topsides, the green seas were broken 
and never reached the deck; the spray, however, blowing over 
the deck to leeward, was responsible for an inch or two of 
water washing fore and aft on the deck, for which reason he 
classed her as ''dirty." No doubt he was prepared to suffer 
this relatively slight discomfort as compared with the 
swimming-bath conditions of the wells of three island vessels 
in bad weather. A short time ago, while my firm were engaged 
in repairing another of the type, one of the oldest, the opinion 
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given me by the owner’s superintendent was that, as a type, 
she was far too strong, causing her to be much too rigid. There 
may be differences of views amongst the members as to this 
particular opinion. ? 

Arising out of Mr. Ballard’s remarks regarding the con- 
servatism of the shipping and shipbuilding industries, perhaps 
in the matter of types, whether it applies to hull form or detail 
of structure, the latter industry is the more conservative, or 
at least the most responsible for such conservatism, as without 
their whole-hearted support in the introduction of improvements 
in ship design, any conservatism on the part of the shipping 
industry in such matters is only natural. In view of the very 
critical period of trade in which the shipbuilding industry still 
finds itself, it should be the constant aim, not only of 
technical institutions, but also of clagsification societies and 
each individual shipbuilding establishment to search out and 
encourage the introduction of every sound improvement which 
will give economy. 

Mr. GEORGE NicoL (Member): The Arch type of steamer is 
one of the latest of a group of patent cargo vessels which have 
been evolved and put on the market during the last 30 years or 
so. The well-known turret steamer is a conspicuous example 
of this group. Indeed, in one respect the Arch vessel may be 
regarded as a development of the earlier type, namely, in 
respect of its pronounced rounded form in the vicinity of the 
gunwale. These types, however, differ widely in other vital 
respects. 

The Arch type of vessel is not a new invention. Аз long 
ago as 1911 Mr. Ballard read a paper before the Institution 
of Naval Architects, in which he described one of the earliest 
of these vessels to be built, of which results were available. 
To institute a comparison between the new type and the 
normal type that paper furnished some interesting diagrams 
and calculations, from which it appeared that the Arch type 
was economically much superior. It cannot be said, there- 
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fore, that the shipping and the shipbuilding communities have 
not had ample opportunity of studying the merits and demerits 
of the Arch vessel. 

In view of the fact that a comparatively small number of 
these steamers have so far been built, about 20 in all, which 
includes two steamers now building on the Forth, and of the 
backwardness of shipowners in regard to the adoption of the 
Arch vessel, it may be of interest to examine the claims put 
forward for the type. The most important claim is that there 
is а saving in invoiced weight of material. Such a claim, if 
proved, would, of course, have a dominating influence on the 
success that any new type of vessel might have with ship- 
owners, aS а saving in weight, as well as reducing the first 
cost, would also imply, what is perhaps more important, an 
increase in deadweight capability, and consequently in the 
earning power of the vessel. 

Mr. Ballard informs us that in early Arch vessels the saving 
in invoice weight of material amounted to as much as 18 per 
cent. This is a very large saving. Taking the case quoted 
in the 1911 paper, it appears that the saving then effected on 
an Arch vesscl, 317 feet long, was just 124 per cent. over a 
vessel of ordinary type of the same dimensions. This also is 
considerable. He, however, states that, owing to modifications 
in scantlings to classification requirements, the margin of 
difference in weights between an ordinary type of vessel and 
the Arch type to-day has been considerably reduced. In 
Table V a comparison between a quarter deck type of vessel 
and an Arch type of the same dimensions is given, and the 
figures appear to show а saving in invoiced weight of materials 
of about 6 per cent. in favour of the latter. He does not 
state, however, whether these weights correspond to the latest 
classification rules. Perhaps in his reply Mr. Ballard will say 
if this is so. From the figures given, however, there appears 
to be a saving in weight and some increase in deadweight capa- 
bility, and to the extent indicated the Arch type vessel’s claim 


476 THE ARCH PRINCIPLE OF SHIP CONSTRUCTION 
Mr. George Nicol. 


to economy is substantiated. Another claim put forward is 
that there is an increased capacity over an ordinary vessel of 
similar dimensions. This claim will at once be conceded in 
view of the difference in design, and the figures given in the 
paper support his argument. Another claim has reference to 
longitudinal strength, which, owing to the particular. form, 18 
said to be improved compared with that of the ordinary type. 
A very brief consideration will be sufficient to show that Mr. 
Ballard is also right here. With regard, however, to the claim 
that there is a reduction, in first cost, it is not so easy to agree 
with him. 

An inspection of the midship section and profile, Figs. 1 
and 2, must impress anyone with practical knowledge of ship- 
building that the work in connection with the top corner, 
particularly in way of the web construction, is sure to be con- 
siderable, and could not fail to entail more labour than the 
simpler design of the ordinary vessel. Moreover, in this 
respect, there is no need to remain in the realm of speculation, 
as the builder of the first of these vessels has admitted that 
he found a very considerable increase in the labour rate in the 
building of that particular steamer. It is only fair to state, 
however, that that gentleman pointed out certain extenuating 
circumstances which might have accounted, in part at least, 
for the difference; he also remarked that, were further steamers 
of the kind to be built, no doubt the cost would be materially 
reduced, but, as matters stood, it certainly was greater than 
in the case of the ordinary type. 

As. an increased first cost is naturally regarded unfavourably 
by shipbuilders, this may account in some measure for their 
timidity in taking up the Arch type, but it does not explain 
the attitude of shipowners. With them an enhanced first cost 
is not necessarily an objection, if it is accompanied by 
compensation in the form of improved deadweight capability 
or speed, that is, provided the vessel’s earning power is 
increased. Since the Arch type has been proved to be a better 
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design, why has the former not gained in favour with ship- 
owners? May there not be a drawback to its adoption apart 
from what may be called its technical qualities? 

The author has himself indieated two points in the Arch 
type which may be considered to limit its usefulness. One is, 
that it is essentially & single deck vessel; and the other, that 
16 is mainly suitable for the carriage of bulk cargoes, such as 
coal, iron ore, grain, etc. Even this, however, does not account 
for the conservative policy of shipowners, because, although 
so restricted, so many vessels are required for the transport of 
bulk cargoes that there should be ample scope for the employ- 
ment of the Arch type. The reason of its relative lack of 
favour must, therefore, be looked for elsewhere. Is it not 
possible that it may lie in the characteristics of the design? 

I am interested in the remarks of Mr. Ayre, particularly 
where he refers to the statements of ships’ officers who 
have had actual experience of Arch vessels under working 
conditions at sea. These statements appear to be not quite 
cordial to this type, one man stating that he thought his vessel 
was too strong; another described his boat as '' dirty,’’ owing 
to her proneness to ship seas, if the weather was rough at all. 
It is the seaman’s way of expressing himself. Seamen are 
notoriously conservative, and a departure in design such as is 
involved in the substitution of inverse sheer for normal sheer is 
likely to be viewed by them with a certain measure of suspicion. 
It is useless to tell them that calculations prove such a design 
of vessel to have greater surplus buoyancy than a vessel of 
ordinary form. Doubtless it is largely a matter of sentiment, 
but is it not possible that this feeling, conveyed from the men 
who work the ships to those who own them, may be the real 
explanation of the limited popularity of a type of vessel which 
calculations prove to be economically efficient? 

Mr. Т. В. THomas, B.Sc. (Member): Without doubt the 
science of naval architecture has benefited considerably by 
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the introduction of vessels of unusual form, and Mr. Ballard 
deserves the thanks of the Institution for drawing attention, 
in a very comprehensive and lucid manner, to the points and 
advantages of his modified form of hull structure. The paper 
is one which it is easier to admire than to criticise, and the 
following remarks are made, therefore. with a view to 
eliciting information. 

It would appear that the results of the calculations on the 
transverse strength of the Arch type and the general type are 
if anything in favour of the latter. Is the object of the cal- 
culation to show that the gain in weight in the Arch type is 
not at the expense of material reduction in strength? In this 
connection, would Mr. Ballard say if there is a sound 
theoretical basis for the reduction in the double-bottom 
scantlings? Some few weeks ago there appeared in the 
technical press a description of a vessel, having a section 
below the deck line practically circular, which was built in 
Italy to the design of an Italian naval architect. This vessel 
was evidently the logical conclusion of the Arch type, and I 
would ask Mr. Ballard to state the results of any investiga- 
tions he may have made into the results of increasing the 
extent of the arch. 

Mr. Frank В. Bram (Member): In this design, Mr. Ballard 
has succeeded in embodying his modifications in ship construc- 
tion in quite a sightly vessel, a somewhat unusual occurrence 
in ‘* patent’’ ships. The design is interesting, and has many 
good points. To carry additional deadweight on a fixed dis- 
placement, and give a considerable increase in capacity, 
without increasing the net tonnage, are points that will appeal 
to the tramp shipowner. At the same time the advantage 
of a considerable increase in freeboard will add to the comfort 
of the erew, and the self-trimming shape of the midship section 
tə that of the cargo coal-trimmers. The shape of midship 
section also, though not so good as the ordinary wall-sided 
ship, does not lose stability at moderate angles of Пес] so 
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trunk types. The longitudinal inverse sheer, however, though 
advantageous from a strength point of view owing to the 
deeper girder amidships, is open to some objections. It con- 
centrates the cargo weights towards midships, and reduces the 
longitudinal moment of inertia, thereby easing the pitching 
motion in moderate weather, but in bad weather, with heavy 
water coming aboard, the downward slope of the decks at 
the ends and the high bulwarks may cause a large quantity 
of water to accumulate at the break of poop and forecastle 
and aggravate the pitching moments more than in a normal- 
sheered vessel, where the. water ’scends towards midships and 
eases them. No practicable arrangement of waterports will 
cure this, only open rails and no bulwarks. The proposed 
new freeboard regulations, with their excessive requirements 
for sheer and heavy penalities for lack of it, emphasise the 
importance attached to height of platform at the ends by the 
Load Line Committee. | | 

I should like to ask Mr. Ballard if he has looked into the 
question of trim when fully loaded with a bulk cargo. The 
raised quarter-deck type of collier, with which he compares 
the Arch type, was developed because of the impossibility of 
fully loading a flush deck ship owing to the lack of capacity 
aft. This was corrected by building the raised quarter deck 
to give the necessary capacity, and enable the ship to fill up. 
It would seem, from an inspection of the design, that the Arch 
type will have an excess of capacity forward, and will be 
unable to fill her holds without trimming by the head. This 
difficulty is increased by the shape of the very neat cruiser 
stern, which cuts down further the capacity of the upper after 
part of the after hold. 
. Mr. T. В. CLARKE: I am naturally interested in Mr. Ballard’s 
paper, as my firm, The Sheaf Steam Shipping Co., Ltd., 
Neweastle-on-Tyne, were the first British shipowners to build 
an Arch type steamer, the '' Sheaf Arrow." Experience with 
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this vessel proved that the claims made were evident in the 
first cost and running, and a sister vessel of the same type, 
with improvements, was constructed. Since then my firm 
have built a third of the same class, and at the present time 
they have two more under construction. Consequently I may 
claim, as Superintendent of the company, and having thirty 
years’ experience оп. sea and twenty as master, to speak with 
some authority. These vessels have been run in the coal and 
iron-ore trade, and have also carried a few cargoes of timber 
from the Baltic. With timber cargoes they are quite fair 
carriers, especially if sufficient ends are obtainable for broken 
stowage. 

It is obvious from the number built for The Sheaf Steam 
Shipping Co. that they have proved, in the opinion of their 
owners, to be superior to raised quarter deckers or other types 
of vessel for the trade in which they.are engaged. I am not 
prepared. to admit that, in all respects, the Arch vessels are 
better sea boats than other vessels, but, taking every factor 
into consideration, and there are many, I maintain that they 
are no worse; but when it comes to the dangerous point I con- 
sider the Arch vessel to be better, because when water in large 
quantity is shipped it is distributed fore and aft over the vessel, 
and, consequently, no hatch is continually under water. From 
experience I have found that, with coal cargo, only one tar- 
paulin is necessary to cover the hatches in summer or winter, 
excepting No. 1, for which two are carried in winter. This 
does not mean, however, that more tarpaulins are not carried; 
this is a question for the master of the vessel. Now with the 
three island type or a well deck ship, hatches Nos. 1 and 2 
are continuously under water in the former, and the hatches 
in the well in the latter. With the greater distribution of 
water in the Arch vessel, she frees herself much more quickly, 
consequently a large quantity cannot remain on deck for any 
length of time, and having a greater freeboard she does not 
ship as much water. 
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a ship of the ordinary type, but in a beam sea she is superior 
and ships less water owing to the nature of her construction. 
When struck by a sea the side of the vessel breaks the water, 
which passes over her as broken water and spray. Under this 
condition she becomes uncomfortable, especially if the wind 
is slightly before the beam, as the spray is blown clean over 
the bridge and deck house, but it is not dangerous. The 
essential point is that the Arch vessel ships more light water 
and less heavy. Owing to the lowness of the structure of the 
deck house, wind resistance js much less, and there is practi- 
cally no vibration. 

Experience has proved Arch vessels to be good sea boats 
and more economical in first cost and upkeep, having no saddle- 
backs, side bunkers, or ’tween decks. That they are of ample 
strength is clearly indicated by the fact that my firm have had 
no expense to bear above ordinary wear and tear in the matter 
of structure, and their first vessel was built in 1912. Many 
cargoes of iron-ore have been loaded aground and E 
aground. This speaks for itself. 

As self-trimmers they are infinitely superior to any self- 
trimmer ever built, because owing to their construction the 
most likely coal cargo to shift, washed nuts, cannot do so. On 
one oceasion an Arch vessel loaded washed nuts in the Firth 
of Forth, and another self-trimmer loaded a similar cargo at 
the same time and place. Both sailed together, and when off 
St. Abb's Head a north-east breeze was encountered. The 
other collier shifted her cargo and had to,return to the Forth 
until the weather moderated, while the Arch vessel success- 
fully made the passage. One of the two Arch vessels at present 
under construction will be the largest vessel of this class yet 
built, and I confess I am exceptionally pleased with the really 
wonderfully clean and deep holds afforded by this method of 
construction, there being, in my opinion, no other to equal it 
by ш to-day. 
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ships introduced during the past twenty years only one or two 
remain which are desired by shipowners. For a patent ship 
to find acceptance, the patentee has to show a very good reason 
for its existence. The essential characteristics are economy of 
construction and economy in running, and if one or the other, 
or both, is assured so that the requisite strength of the 
structure is maintained, there is every reason why the new 
idea should be analysed and adopted. 

Apart from considerations of form, in recent years there has 
been a great tendency towards a change in mode of construc- 
tion, the object being to bring about a more scientific 
distribution of material, so that the strength of the structure 
will be sufficient with less weight of constructive material. One 
notable instance is that of the Isherwood ship, and another is 
the monitor vessel; these, in conjunction with the Arch deck 
vessel, form perhaps the principal types before the shipping 
public at the moment. The reason why these types remain 
to the exclusion of others is that there is something in them 
more than an attempt to take advantage of the weak points 
in tonnage measurement; they each claim economy of con- 
struction, better disposed material, and better returns to the 
‘owner on the running of the vessel. 

It may not be out of place to refer here to the more recent 
innovation of bulges, which, introduced during the. war with 
a view to making war vessels less liable to disaster from 
torpedo attack or the effect of mines, have been built into 
mercantile vessels recently for quite another reason. Strangely, 
the good which is now believed to result from swelling out the 
form of the vessel beyond the normal below the water line 
has been existent, so it is maintained, for years in the monitor 
vessel, and consequently vessels built with bulges cannot be 
said to form a distinct type. 

Mr. Ballard truly states that the patent ship has been intro- 
duced in face of great opposition, but has invariably been by 
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in construction. He says that by introducing the Arch prin- 
ciple some 18 per cent. in the weight of material was saved 
at the time. Such a margin would seem big enough to satisfy 
most shipowners or builders, provided in other directions the 
design was satisfactory. Of course, this figure cannot hold 
now, for the reason that, by the modifications which of late 
years have been introduced with respect to scantlings of con- 
structive material, a normal vessel of to-day сап be built of 
weight less than what pertained at the time the Arch vessel 
was introduced, although I think the reduction does not perhaps 
amount to as much as the percentage figure given. If, as 
Mr. Ballard states, the Arch design has reached the limit as 
regards elimination of redundant material, then on the score 
of weight it holds little or no advantage. But what of the 
design? On page 459 it is stated that only above the 
height representing the moulded depth of the vessel does 
the form change from that of the normal ship. Here widely 
spaced Arch beams are introduced, with negative or zero sheer 
to the deck, and recessed at the ship’s sides just above the 
moulded depth. The arched beam and its mode of attachment 
to the side framing seemingly forms the chief feature of the 
design. Certainly the Arch girder is a strong form, provided 
it can be satisfactorily anchored at the ends of the arch, where, 
apart from the question of bending-moment, the horizontal 
thrust may be considerable. The attachment is made by 
continuing the lower flange of the Arch beam down the side 
framing, augmenting the strength of the framing and adding 
to its power of resistance to bending. The framing certainly 
has a considerable amount of work to do in preserving its form 
against a tendency to distortion in consequence of the hori- 
zontal thrust at its upper end, and calls for careful considera- 
tion of the frame strength and of the attachments at the top 
and bottom of the frame. 


Mr. Ballard points out that the > ratio is improved in this 
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deciding factor, but must be used jointly with the principal 
dimensions of the vessel in determining the scantlings, and the 
net result of all the contributing factors may not be invariably 
favourable. He, however, appears to be satisfied on this point, 
and has embodied in his paper the results of some exhaustive 
calculations to support his contention. These results are very 
interesting, and represent, as he truly says, a great deal of 
labour, and he is to be congratulated on the work and industry 
displayed. In common with other writers on the subject of 
strength, he places the position of greatest stress value at the 
deck. While this may be true as regards stress due to longi- 
tudinal bending, it does not at all follow that the absolute 
maximum stress occurs at this position; indeed I am inclined 
to think that frequently, when all the components which go 
ёс make up the ultimate stress resultant are gathered up, the 
greatest stress will be found in the bottom rather than at the - 
deck of the vessel, chiefly due to the presence in the 
bottom of stress from hydrostatic loading, of such a value 
that, when combined with stresses due to longitudinal bending 
and local causes, may produce a resultant of considerable 
magnitude. 

Mr. BarLanp: Mr. Ayre is, I think, correct in his view that 
the shipbuilder is more conservative in the matter of types 
than the shipowner, as practically every order for Arch vessels 
has emanated from outside the shipyards. Although the ship- 
builder is prepared to give a shipowner what he asks for, he 
does not go out of his way to suggest advantages or economies 
effected by new designs. In another way Mr. Nicol raises the 
point, and, although it is true that only about twenty Arch 
vessels have bcen built to date, I may say that the design 
has received no financial backing, has not been advertised to 
any extent, and my absence on military duties for some years 
prevented me from furthering its adoption. 

Mr. Nicol remarks on the saving in cost of construction. 
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The reduction in material is itself proof of this. Examination 
of the “фор corner’’ to which he refers will show that the 
only practical difference from usual construction to be 
accounted for is the flanging of the shell plates, which adds 
only a few shillings to the cost. I may say that the ship-. 
builder referred to by Mr. Nicol is quite willing to construct 
an Arch vessel at a price less than that for an ordinary vessel 
of similar deadweight and specification. I cannot agree with 
Mr. Nicol’s concluding statement, and would refer him to 
Mr. Clarke's contribution to the discussion. 

I appreciate Mr. Thomas’ very kind remarks. The 
transverse strength calculations were undertaken: with the 
object of silencing criticism on this score and justifying the 
principles of the transverse arch. There is sound theoretical 
reasoning for reduction of double-bottom scantlings, but 
practical reasons and ballast considerations overrule further 
reduction. The depth of the arch has been arranged with 
Lloyd’s to be in the vicinity of 25 per cent. of the total depth 
of hull; and while calculations have been made with respect 
to the angle of inclination, structural considerations rather 
bind one to the neighbourhood of that adopted. 

Replying to Mr. Blair’s remarks, there is little green water 
shipped; this Mr. Clarke confirms. The slope of the inverse 
sheer is so small in practice—nothing like the sheer ordinarily 
adopted—that it acts more as a drain than in the way he 
suggests. I might perhaps mention that, some time ago, I 
_ erossed from the Baltic during the month of March in an Arch 
vessel three parts laden. As there were no hatch webs or 
covers, owing to a strike which necessitated leaving before the 
loading could be completed, tarpaulins were stretched across 
the hatches. I think this speaks for itself. As a general rule 
Arch vessels, loaded with coal to the marks, and with the 
cargo almost up to the top of the hatches, float on a practi- 
eally even keel. Mr. Blair would be able to note this himself 
at almost any of the North-East Coast ports. 
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I thank Mr. Clarke for his frank opinion of Arch vessels. 
As one who has had considerable experience both ashore and 
afloat in all manner of vessels, his views carry great weight, 
and are gratifying in that they seem to confirm the opinions 
expressed in the paper. 


THE “JAMES WATT” DINNER. 


THE annual ‘‘James Watt’’ Dinner was held on Friday 
evening, 10th November, 1922, in the Grosvenor Restaurant, 
Glasgow. The chair was occupied by Mr. Harold E. Yarrow, 
C.B.E., President of the Institution, and there was a company 
of 350, including The Right Hon. The Lord Provost of Glasgow, 
Thomas Paxton, Esq., LL.D.; The Right Rev. John Smith, 
D.D., Moderator of the General Assembly; The Most Hon. 
The Marquis of Graham, C.B., С.У.О.; The Most. Hon. The 
Marquis of Ailsa; The Right Hon. Lord Clyde, P.C., K.C., 
LL.D., D.L.; Sir John Ure Primrose, Bart., LL.D.; Sir 
Hugh Reid, Bart., C. B. E., LL.D., Member of Council; Vice-: 
Admiral Sir John F. E. Green, K.C.M.G., C.B.; Eng. 
Vice- Admiral Robert B. Dixon, C.B.; Sir A. C. Ross, K.B.E., 
President, North-East Coast Institution of Engineers and Ship- 
builders; Major-General Sir Philip R. Robertson, K.C.B., 
C.M.G.; Vice-Admiral Е. E. Bearcroft, C.B., M.V.O.; Dr. 
Н. S. Hele-Shaw, F.R.S., President, Institution of Mechanical 
Engineers; Sir Frederick C. Gardiner, LL.D.; Sir John Reid, 
D.L.; Mr. Robert Traill; Sir Alexander M. Kennedy ; Sir 
John S. Samuel, K.B.E.; Sir William H. Raeburn; Brig.- 
General Magnus Mowat, C.B.E., Secretary, Institution of 
Mechanical Engineers; Colonel John M. Denny, C.B., D.L.; 
Mr. Archibald Gilchrist, O.B.E.; Sir Westcott S. Abell, 
K.B.E., M.Eng.; Rev. W. Stevenson Stuart, B.D.; Dr. В. T. 
Moore, Past-President; Mr. Robert Paul, Member of Council; 
Mr. G. A. Mitchell; Mr. P. D. Ewing, C.B.E.; Mr. Laurence 
MacBrayne, O.B.E., M.A., Member of Council; Mr. Robert 
Robertson, B.Se.; Dr. James Montgomerie, Vice-President ; 
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Mr. Sam Mavor; Mr. John Garrick, Member of Council; Mr. 
В. A. McLaren, O.B.E.; and Mr. Е. W. Fraser Smith, 
Secretary, North-East Coast Institution of Engineers and 
Shipbuilders. 

The loyal toasts were submitted from the chair and duly 
honoured. 

Lorp CLYDE, who proposed the toast of “Тһе Imperial 
Forces," said that the Imperial Forces constituted one 
of the elements in their national life which members of 
the British Empire cherished. They carried our flag; 
where they carried our flag our trade followed, end when 
the day of danger came they defended our homes. That 
night they stood on the eve of another anniversary of 
the conclusion of the greatest tragedy to which an astonished 
world had ever been a witness, but to find out of what 
sort of stuff the Imperial Forces were made, it was not 
to the times of comic ease but to the times of tragic stress 
that they must turn. They all knew how with a proud eager- 
ness and with a triumphant attention the achievements of the 
Imperial Forces by sea, by land, or in the clouds were 
followed, how the silent arm proved the strongest weapon of 
their defence, how the Army reckoned contemptible proved 
itself invincible, and how achievements of which the world 
had not dreamed were performed by the youngest and most 
recent contingent of their Imperial Forces. They would always 
follow their exploits with the same proud enthusiasm, they 
would always retain for those exploits the same proud 
memories, and they would keep in their hearts a warm place, 
and in their social functions a place of honour for the toast of 
the Imperial Forces. 

Vice-Admiral Sir JouN GREEN, who replied for the Navy, said 
that in times like these, when great reductions and economies 
were being made, one's thoughts turned to the words which 
were inscribed round the top of the Naval College at Dart- 
mouth, and which also formed part of the preamble of the 
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regulations of war—‘‘ It is on the Navy, under the good 
providence of God, that our wealth, peace, and prosperity 
chiefly depend.’’ Though these might be old sentiments, they 
were very sound. He knew they all, just as much as bimself, 
believed in a strong and efficient Navy, but it was not everyone 
in these times of economy remembered that it was on our 
Navy that our wealth, peace, and prosperity depended. 

Major-General Sir PHILIP ROBERTSON, speaking for the Army, 
said that there was one land force for the defence of their 
great Empire. They had been strong in one thing on which 
the enemy had not caleulated, and that was the spirit of the 
nation. The Army was subjected to a good deal of criticism, 
but in many instances it was very amusing. If the Army was. 
to be kept down for economic reasons, there was only one 
thing which must compensate for numbers, and that was 
efficiency. 

The toast of "James Watt” was, as usual, honoured in 
silence. 

Lord Provost Paxton, who proposed the toast of '' Engineer- 
ing and Shipbuilding Interests,’’ said that Glasgow was proud 
of the place she occupied as a shipbuilding and engineering 
centre, and they were all deeply sensible of the influence these 
industries had had in shaping and moulding the destinies of 
the West of Scotland and in contributing to the prosperity 
of the country. The only regret was that to-day the ship- 
building and engineering industries, as well as other interests, 
were not in so flourishing a condition as in days gone by. 
It must, however, be recognised that cycles of depression and 
unemployment must from time to time oceur, and he was 
glad that there had been signs recently of a slight improve- 
ment in shipbuilding and engineering, which he trusted would 
still continue, and result in a decrease in the nuniber of those 
who were unemployed, and that the trade and commerce of 
Glasgow would soon be restored to normal condition. The 
tonnage output during the year before the war was three and 
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& third million tons in 1,750 vessels; in 1919 the figures rose 
to 2,483 vessels of over seven million tons; while last year the 
output fell to four and a third million tons. It would only be, 
however, by a stabilisation of the trade and economie condi- 
tions of the country that they could hope for a renewal of 
times of prosperity. While waiting for this, it behoved 
them all to exercise patience, forbearance, and tolerance in 
their relations with each other, and he was happy to say that 
so far as Glasgow was concerned their experience during the 
last four critical years had been distinguished by those quali- 
ties, notwithstanding the hardships and privations which many 
citizens had had to endure on account of unemployment. He 
took that opportunity of acknowledging most heartily the great 
support which he had received in the various appeals he had 
had to make ever since he assumed his present office. He 
had received from the citizens large sums of money, which had 
been most economically and prudently disbursed, and he felt 
sure that if he required to appeal again he would be supported 
in the same generous and, patriotic manner. 

The Marquis of GRAHAM, in responding, said the subject of 
shipbuilding and engineering was a big one. All sorts of 
subsidiary interests were mixed up with shipbuilding and 
engineering, and they were not confined to the Clyde area, but 
were spread all over the country. In fact, they were enormous 
interests, and he might say that there were almost 100,000 
homes whose welfare and happiness were bound up with the 
prosperity of these industries. The Lord Provost had referred 
to the time of depression through which they were passing, 
and he wished that prosperity would return. There never was 
a time when the industry was more in need of prosperity. The 
Lord Provost had given some startling figures, and he (the 
Marquis) wished to give a few more to show the difficulties 
they had to face. During the past ten months of the present 
year the number of ships which had been launched was 107, 
of a total of 342,000 tons. That was the lowest number of 


400 THE ' JAMES WATT’ 


THE ‘‘ JAMES WATT”? DINNER 491 


vessels that had been launched in this country for the period 
during the past 20 years. Comparing these figures with those 
for the corresponding period of last year, it would be seen that 
they were less by 88 ships and 63,000 tons. In comparison with 
a pre-war year, say 1913, they showed a decrease of 111 ships 
and a quarter of a million tons. These figures told their own 
tale, and showed the tremendous depression with which the 
industry was faced, and a worse state of things could not be 
imagined for any country at a time when it was most 
necessary that they should make every effort to face 
their enormous financial burdens. These decreases in ton- 
nage could not go on indefinitely. It simply meant more 
and more unemployment, and he ventured to say that 
there was no industry in any country that could stand 
more and more unemployment and dullness and still continue 
to live. They must try to end it somehow. АП sorts of 
panaceas were being advocated outside. "There was tranquility 
on the one hand, and then, with a hop, skip, and jump and 
a plunge, going into a capital levy on the other. He thought 
the most straightforward way, however, was to get industry 
going again. In all their experience and in all their history 
it was trade that made the country and politics that ruined it. 
He sincerely hoped that at this time next year they would be 
able to drink prosperity to the increasing trade and a boom 
in engineering and shipbuilding. | 

Sir Huen Rei proposed ''Our Guests." Referring to the 
remarks regarding the condition of industry, he said they must 
not be too depressed. They hoped that after the experiences 
through which they had passed they would be able to do 
things they had never done before, and with progress in 
engineering and accumulated wealth apply that wealth so that 
the social conditions which at present prevailed would never 
again be seen in the British Empire. | 

Dr. HELE-SHaw, LL.D., in replying, referred to the national 
certificates which, he said, were being granted by the Institu- 
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tion of Mechanical Engineers this year for the first time. He 
trusted that when these certificates were presented to employers 
they would give them due consideration. Another matter in 
which he was greatly interested was the establishment in 
Glasgow of a local branch of the Institution of Mechanical 
Engineers. It was not their intention to compete with similar 
institutions, but to work side by side with them. In conclusion, 
he proposed '''The Health of the President of the Institution 
of Engineers and Shipbuilders in Scotland.’’ 

The Chairman said he would like to thank Dr. Hele-Shaw 
for what he had said about him. He thought it was a very 
great privilege to have the President of the Institution of 
Mechanical Engineers come to Glasgow to attend that dinner, 
and he thanked him on the Institution’s behalf. Before con- 
cluding he wished them to convey to their secretary, Mr. 
Parker, their sincere and grateful thanks for the excellent way 
he had organised the dinner. He knew Mr. Parker had been 
very hard pressed for the past few weeks to make the dinner 
as great a success as possible, and he thought he deserved to 
be congratulated on the result. 

The proceedings closed with the singing of ‘‘ Auld Lang 
Syne.” During the evening an excellent musical programme 
was rendered, members of the British National Opera Company 
contributing solos. 


MINUTES OF PROCEEDINGS. 
SIXTY-SIXTH SESSION. 


The First General Meeting was held in the Rankine Hall, 
89 Elmbank Crescent, Glasgow, on Tuesday, 24th October, 
1922, at 7.40 p.m. 

Mr. Harold E. Yarrow, C.B.E., President, occupied the chair. 

The Minutes of the Annual General Meeting, held on 18th 
April, 1922, having been printed in the billet calling the 
meeting, were held as read, and signed by the Chairman. 

The President then delivered his address, and, on the motion 
of Prof. Percy A. Hillhouse, D.Sc., was accorded a hearty 
vote of thanks. 

A paper entitled ''Sea Power or Air Force?” by Col. Sir 
Alan Hughes Burgoyne, M.P., was read, and the discussion 
thereon begun and concluded. 

On the motion of the Chairman, Sir Alan Burgoyne was 
accorded a vote of thanks for his paper. 

The following candidates were elected : — 


AS MEMBERS. 
BAIRD, NORMAN CHARLES, Engineer, Janefield, Beith, Ayrshire. 


BATCHELOR, RAYLEY OWEN, Engineer, Lloyd’s Register of Shipping, 


Yokohama. 

BEDFORD, F., Director of The Steel Company of Scotland, Overton, 
Kilmacolm. 

BENSON, WILLIAM HarGH, Engineer, Woodbank, North Mount Vernon, 
Glasgow. 


DuFF, WALTER Murray, Engineer, 67 High Street, Monifieth. 


HAMILTON, THOMAS, Superintendent Engineer, 11 Gray Street, Glasgow. 


HUNTER, WILLIAM, Engineer, 8 Lorne Street, Ibrox, Glasgow. 
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KENNEDY, ROBERT, Jun., Engineer, Greenhill Avenue, Giffnock, Ren- 
frewshire. s 


MCCLURE, Davip NORMAN, Locomotive Engineer, Aughnacloy, County 
Tyrone, Ireland. 


MACLEOD, DAVID MACFARLANE, Electrical Engineer, Dechmont, Cam- 


buslang. 

MoNROE, WILLIAM, Consulting Engineer, 6 Church Road, Penarth, 
South Wales. ` 

PATRICK, THOMAS ALEXANDER THOMPSON, Engineer, Lochside, Bearsden, 
Dumbartonshire. 


RANKIN, JONN ARTHUR, Engineer, 36 Southbrae Drive, Jordanhill, 
Glasgow. 


ROBERTSON, ALEXANDER LINKLATER, Engineer, 139 Cartvale Road, 
Langside, Glasgow. 


SKIFFINGTON, DONALD MCLEAN, Shipbuilder, The Cottage, Clydebank. 


TOWNSHEND, Суки. ALEXANDER, Ship Surveyor to British Corporation 
Registry, The Willows, Glasgow Street, Helensburgh. 


ТОКЕ, LAURENCE GopFrty, Engineer, c/o Linton, 1 Park Road, Ibrox, 
Glasgow. 


WESTHORP, ROBERT STANLEY, Shipbuilder, Hooghly Docking and En- 
gineering Company, Sulkea, India. 
From Associate Members. 


KINGSTON, CHARLES SYDNEY, Engineer, 29 Prebend Gardens, Chiswick, 
London. 


LITTLE, JOHN PATERSON, Engineer, 30 Riverside Road, Newlands, 
Glasgow. 


WEIR, JOHN DALZIEL, Engineer, Locomotive Department, Nigerian 
Government Railway, Ebute Metia, Nigeria, West Africa. 


From Student. 
FARRELL, JAMES FRASER EWEN, B.Sc., Lecturer in Engineering, Royal 
Technical College, 204 Great Western Road, Aberdeen. 
As ASSOCIATE MEMBERS. 


Munro, ALEXANDER MACGILP, Engineer, 24 West End Park Street, 
Glasgow. 


Ray, Dijen, Engineer, Electric Department, Port Commissioners, 
of Calcutta, 8 Garden Reach, Kidderpore, Calcutta. 
From Student. 


COLLINS, THOMAS Bosanko, B.Sc., Engineer, 45 Clifford Street, Ibrox, 
Glasgow, 
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As STUDENTS. 


AITKEN, ROBERT LOUDON, Engineer Student, 51 Thornwood Drive, 
Partick West, Glasgow. 


ARNOTT, JOHN HENRY COOPER, Engineer, 24 St. Andrew’s Drive, Pollok- 
shields, Glasgow. 


GouRLAY, ROBERT, Engineer Student, 2 Windsor Terrace, Kelvinside, 
Glasgow. 


HALDANE, HERBERT ROGER, Apprentice Engineer, 22 Coates Gardens, 
Edinburgh. 


HAMILTON, JOHN Doua tas, Engineer Student, Clyde View, Helensburgh, 
Dumbartonshire. 


LAURENCE, STEPHEN ORMISTON, Engincer, c/o Colquhoun, 25 Dunolly 
Gardens, Ibrox, Glasgow. 


Lawson, DAVID FurER, Apprentice Shipbuilder, 14 Queen’s Gate, 
Dowanhill, Glasgow. 


LITTLE, JAMES, Enginecr, Greenlea, Reid Street, Burnbank, Lanarkshire. 


PATERSON, CAMPBELL, Apprentice Shipbuilder, Hayhill House, Thorn- 
tonhall, Lanarkshire. 


RODGERS, Henry KNicGHrT, Student of Naval Architecture, 26 Long- 
fellow Road, Gillingham, Kent. 


Wana, Kwer-Suna, Student of Naval Architecture, c/o Mrs. McIntyre, 
86 Buccleuch Street, Glasgow. 


The Second General Meeting was held in the Rankine Hall, 
39 Elmbank Crescent, Glasgow, on Tuesday, 21st November, 
1922, at 7.30 p.m. 

Mr. Harold E. Yarrow, C.B.E., President, occupied the 
chair. 

The Minutes of the First General Meeting, held on 24th 
October, 1922, having been printed in the billet calling the 
meeting, were held as read, and signed by the Chairman. 

Mr. В. D. Moore, B.Se., Vice-President, then moved the 
adoption of the Report and Treasurer’s Statement for session 
1921-22. He said that the continued trade depression was 
reflected in the membership to the extent of a decrease of 39. 
The financial aspect was good, there being a credit balance of 
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£70 7s. 1d., after allowing £450 for depreciation. In reviewing 
the accounts, he called attention to the bequest by the late 
Mr. W. J. Millar, of £47 5s., the interest on which would be 
appropriated to provide a prize of books annually for the 


Students’ Section. 
Mr. A. W. Stewart, Vice-President, seconded the motion, 


which was carried unanimously. 
A paper entitled ‘‘ Launch Velocities and Drags,’’ by Prof. 
Percy A. Hillhouse, D.Sc., was read, and the discussion 


thereon begun and adjourned. 
A paper entitled * А Continuous Process for Root Extraction 


by Calculating Machines,” by Dr. E. M. Horsburgh, was held 


as read. 
The following candidates were elected : — 


As MEMBERs. 
Корсев, JOHN, Engineer, 152 Nithsdale Road, Pollokshields, Glasgow. 


WYNNE, ARTHUR JAMES, Assistant Superintendent Shipwright, 3 Danes 
Drive, Scotstoun, Glasgow. 


AS AN ASSOCIATE MEMBER. 
VALENTINE, BERTRAM GORDON, B.Sc., Engineer, Ardbeg, 84 Logie Street, 
Dundee. 
As STUDENTS. 


ABERNETHY, ARCHIBALD THORNTON, Engineer, Y.M.C.A. Club, 100 
Bothwell Street, Glasgow. 

BALL, EDMUND BRUCE, Jun., Apprentice Engineer, Braemar, Midton 
Road, Ayr. 

Brown, Joun, Jun. Ship Draughtsman, 25 Bogton Park, Cathcart, 
Glasgow. 

CHALMERS, WILLIAM THOMSON, Apprentice Engineer, 65 Danes Drive, 
Scotstoun, Glasgow. 

CRIGHTON, JOHN, Jun., Apprentice Engineer, 10 Rosslyn Terrace, 
Kelvinside, Glasgow. 

DUNCAN, JOHN PIRIE, Engineering Draughtsman, 66 Marlborough Avenue, 
Broomhill, Glasgow. 

GONZALEZ, JOSE JOAQUIN, Engineer, c/o Colliston, 34 Gray Street, 
Glasgow. 

HENZELL, OwEN MAXWELL, Apprentice Engineer, c/o Duncan, 406 
Shields Road, Pollokshields, Glasgow. 
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LOGAN, FRANK, Apprentice Engineer, 198 Claythorn Strect, Glasgow. 


MITCHELL, Носн BELL, Apprentice Engineer, 294 West Scotland Street, 
Paisley Road West, Glasgow. 


MuncHIE, ANGUS MORRISON, Apprentice Engineer, 154 Crossloan Road, 
Govan, Glasgow. | 
Scott, JOHN, Jun. Apprentice Engineer, 13 Drumoyne Drive, South 

Govan, Glasgow. 


An informal meeting was held in the Smoking Room of the 
Institution, at 39 Elmbank Crescent, Glasgow, on Friday, 24th 
November, 1922, at 7.30 p.m. | 

Mr. W. H. Riddlesworth, M.Se., M.Eng., occupied the 
chair. | | 

A discussion took place on the paper entitled '' Launch 
Velocities and Drags,” by Prof. Percy A. Hillhouse, D.Sc. 


The Third General Meeting was held in the Rankine Hall, 
89 Elmbank Crescent, Glasgow, on Tuesday, 19th December, 
1922, at 7.30 p.m. 

Mr. Harold E. Yarrow, C.B.E., President, occupied the 
chair. 

The Minutes of the Second General Meeting, held on 21st 
November, 1922, and of the informal meeting, held on 24th 
November, 1922, having been printed in the billet calling the 
meeting, were held as read, and signed by the Chairman. 

The discussion on the paper entitled “ Launch Velocities 
and Drags,” by Prof. Perey A. Hillhouse, О.Бе., was resumed 
and concluded. 

On the motion of the Chairman, Prof. Hillhouse was 
accorded a vote of thanks for his paper. 

The discussion on the paper entitled “А Continuous Process 
for Root Extraction by Calculating Machines,’’ by Dr. E. M. 
Horsburgh, was begun and concluded. 

On the motion of the Chairman, Dr. Horsburgh was accorded 


a vote of thanks for his paper. 
34 
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A paper entitled '' The Longitudinal Strength of Bulk Oil 
Carrying Vessels," by Mr. T. R. Thomas, B.Sc., and Mr. 
James Turnbull, was read, and the discussion thereon begun 
and adjourned. | 

A paper entitled '' Stability of Self-Trimming Types of Cargo 
Steamers,” by Mr. George Nicol, was read. 

The following candidates were elected :— 


As MEMBERS. 


CHISHOLM, ALEXANDER, B.Sc., Ship Surveyor, Lloyd’s Register of 
Shipping, 342 Argyle Street, Glasgow. 


McNAUGHTON, JOHN, Engineer, Manager, Cintra, Yorke Road, Troon. 


From Associate Member. 


NicoLsoN, Davip, Naval Architect, 7 Vicarage Gate, Kensington, 
London, W.8. 


As ASSOCIATE MEMBERS. 


BENNETT, JAMES ALFRED GIBB, Engineer, 24 Royal Crescent, Glasgow, W. 
BROWN; STANLEY LAURIE, Engineer, Avondale, Gourock. 


Нозе, Joun Юроосглѕ Rosson, Engineer, 12 Vinicombe Street, Hill- 
head, Glasgow. 2E 


TURNBULL, JAMES, Ship Surveyor, British Corporation Registry, 
14 Blythswood Square, Glasgow. 
As ASSOCIATES. 


MARSHALL, HENRY FRANCIS, Representative of Messrs. Arthur Balfour 
& Co., 87 Union Street, Glasgow. 


West, Harry, Representative of Messrs. Newalls Insulation Co., 113 
St. Vinceht Street, Glasgow. 
As STUDENTS. 
FINDLAY, Davip, Engineer, 30 Falkland Mansions, Hyndland, Glasgow. 


FINLATOR, THOMAS FAIRBURN, Apprentice Engineer, Ivy Bank, Ark- 
leston Road, Paisley. 


Носактн, WILLIAM, Engine Draughtsman, c/o Mrs. Black, 95 
McCulloch Street, Pollokshields, Glasgow. 


Ku, Уло-Гло, B.Sc., Engineering Student, c/o Dempster, 17 Stanley 
Street, Glasgow. 


LEE, YUNG-CHENG, Engineering Student, c/o Dempster, 17 Stanley 
ptreet, Glasgow, 
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NisBET, ROBERT MILLAR, Engineer, c/o Black, 146 Holland Street, 
Glasgow. 


REID, CHARLES, Apprentice Engineer, 16 Queen’s Gate, Dowanhill, 
Glasgow. 


Ross, ROBERT WILSON, Engine Draughtsman, 21 Katharine Drive, 
South Govan, Glasgow. 


ӛмітн, HuGH Morton, Apprentice Engineer, South Lodge, Ayr. 


WHITE, ERIC SAMPSON, Student of Naval Architecture, 9 Roodebloem 
Gardens, Clarkston, Glasgow. 


The Fourth General Meeting was held in the Rankine Hall, 
89 Elmbank Crescent, Glasgow, on Tuesday, 16th January, 
1923, at 7.30 p.m. | 

Mr. К. D. Moore, В.бе., Vice-President, occupied the chair. 

The Minutes of the Third General Meeting, held on 19th 
December, 1922, having been printed in the billet calling the 
meeting, were held as read, and signed by the Chairman. 

The discussion on the paper entitled “Тһе Longitudinal 
Strength of Bulk Oil Carrying Vessels,” by Mr. T. Б. Thomas, 
B.Se., and Mr. James Turnbull, was resumed and concluded. 

On the motion of the Chairman, the authors were accorded 
a vote of thanks for their paper. 

The discussion on the paper entitled ''Stability of Self- 
Trimming Types of Cargo Steamers,’’ by Mr. George Nicol, 
was resumed and concluded. 

On the motion of the Chairman, Mr. Nicol was accorded 
a vote of thanks for his paper. 

A paper entitled “Тһе Development of the Sulzer Engine,’’ 
by Engineer Lieut.-Commander L. J. Le Mesurier, R.N., 
was read. 

The following candidates were elected : — 


As MEMBERS. 


HENDERSON, WILFRED ALEXANDER, Shipbuilder, Hazelden House, 
Newton Mearns, Renfrewshire. 
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HORSBURGH, ELLICE MARTIN, M.A,, D.Sc., Reader in Technical Mathe- 
matics, University of Edinburgh, 11 Granville Terrace, Edinburgh. 


RUSSELL, JOHN FAIRSERVICE, Engineer, 160 Albert Road, Pollokshields, 
Glasgow. 


As STUDENTS. 


FRASER, ROBERT STEPHEN, Apprentice Engineer, c/o Stewart, 9 Kelvin- 
grove Street, Glasgow. 


MAUNDER, FREDERICK JAMES, Apprentice Engineer, c/o Ward, 198 
Copland Road, Ibrox, Glasgow. 


An informal meeting was held in the Smoking Room of 
the Institution, at 89 Elmbank Crescent, Glasgow, on Friday, 
26th January, 1923, at 7.30 p.m. 

Mr. Harold Е. Yarrow, C.B.E., President, occupied the 
chair. 

A discussion took place on the paper entitled “Тһе Develop- 
ment of the Sulzer Engine," by Engineer Lieut.-Commander 
Г. J. Le Mesurier, R.N. 


The Fifth General Meeting was held in the Rankine Hall, 
39 Elmbank Crescent, Glasgow, on Tuesday, 13th February, 
1923, at 7.30 p.m. 

Mr. Harold Е. Yarrow, C.B.E., President, occupied the 
chair. | 

The Minutes of the Fourth General Meeting, held on 16th 
January, 1923, and of the informal meeting, held on 26th 
January, 1923, having been printed in the billet calling the 
meeting, were held as read, and signed by the Chairman. 

Before proceeding to the business of the meeting, the 
President intimated that the Council, having considered the 
question of utilising the Institution’s premises for social pur- 
poses, proposed that light refreshments at city prices be 
provided in the Smoking Room every day, including Saturday, 
from 5 till 10 p.m., during the remainder of this session; and if 
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this arrangement received sufficient support from the members, 
it might continue in operation next session. The Council also 
proposed to relight and refurnish the Billiard Room, and to 
equip. another apartment as a Sitting Room where members 
could play chess and other indoor games. 

These proposals met with approval. 

The discussion on the paper entitled “ The Development 
of the Sulzer Engine,’’ by Engineer Lieut.-Commander L. J. 
Le Mesurier, R.N., was begun and concluded, and, on the 
motion of the Chairman, the author was accorded a hearty 
vote of thanks for his paper. 

A paper entitled ‘‘ Vane-Wheel Propulsion," by Mr. 
Maurice E. Denny, C.B.E., B.Sc., was read. 

A paper entitled “Тһе Application of the New Freeboard 
Regulations," by Mr. Alexander Chisholm, B.Sc., was read. 

The following candidates were elected : — 


As MEMBERS. | 
DAVIES, ALBERT WILLIAM, Engineer, The Croft, Carmyle, near Glasgow. 
Mavor, JOHN BRIDIE, Engineer, 23 Cranworth Street, Hillhead, Glasgow. 


PARRY, GEORGE FREDERICK, Engineer, 9 Carlyle Drive, Cardonald, 
Glasgow. 


STEWART, JAMES, Engineer, 31 Mill Crescent, Buckie. 


From Students to Associate Members. 


CHRISTISON, DoNALD Munro, B.Sc., Engineer, 2 Kelvinside Gardens, 
Glasgow. 


GOODMAN, REGINALD TERENCE WYNNE, Engineer, Madhopur, District 
Gurdaspur, Punjab, India. 


SPITTAL, JAMES, B.Sc., Engineer, H.E.H. The Nizam's Mint, Hyderabad, 
Deccan, India. у 
As STUDENTS. 


BERTHIEZ, CHARLES W., Apprentice Engineer, c/o Fraser, 39 Minard 
Road, Shawlands, Glasgow. 


Brown, JOHN ANGUS CAMPBELL, Student of Naval Architecture, Hill- 
crest, Oxhill Road, Dumbarton. | 


LOWE, THOMAS Paton, Apprentice Engineer, c/o Hendry, 25 Orehard 
Street, Renfrew. 


SMITH, EBENEZER, Student of Naval Architecture, Crosslet Cottage, 
Dumbarton. 
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An informal meeting was held in the Smoking Room of the 
Institution at 39 Elmbank Crescent, Glasgow, on Tuesday, 
20th February, 1923, at 7.30 p.m., at which the papers read 
at the General Meeting held on 18th February, and other 
questions of interest, were discussed. 


A Special General Meeting, to which ladies were invited, 
was held in the Rankine Hall, 39 Elmbank Crescent, Glasgow, 
on Tuesday, 27th February, 1928, at 7.30 p.m. 

Mr. Harold E. Yarrow, C.B.E., President, occupied the 
chair. 

A paper entitled ‘‘ Wireless Telephony,’’ by Prof. G. W. O. 
Howe, D.Sc., was read. 

On the motion of the Chairman, Prof. Howe was accorded 
a vote of thanks for his paper. 


The Sixth General Meeting was held in the Rankine Hall, 
39 Elmbank Crescent, Glasgow, on Tuesday, 18th March, 
1923, at 7.30 p.m. ; 

Mr. Harold Е. Yarrow, С.В.Е., President, occupied the chair. 

The Minutes of the Fifth General Meeting, held on 18th 
February, 1923, of the informal meeting, held on 20th 
February, 1923, and of the Special General Meeting, held on 
27th February, 1928, having been printed in the billet calling 
the meeting, were held as read, and signed by the Chairman. 

The following nominations for office-bearers were made : — 
For Session 1923-24—President: Mr. J. Howden Hume. For 
Sessions 1923-26—Vice-President: Mr. Norman O. Fulton. 
Members of Council: Messrs. J. L. Adam, А. 6. MacLellan, 
B.Sc., W. W. Marriner, S. J. Pigott, Robert Traill, and (from 
Associate class) Lieut.-Col. T. K. Gardner. 

The discussion on the paper entitled “‘ Vane- Wheel Propul- 
sion," by Mr. Maurice E. Denny, C.B.E., B.Sc., was begun 
and concluded. 

On the motion of the Chairman, Mr. Denny was accorded a 
vote of thanks for his paper. 
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The discussion on the paper entitled ‘‘ The Application ‘of 
the New Freeboard Regulations," by Mr. Alexander Chisholm, 
B.Sc., was begun and concluded. | 

On the motion of the Chairman, Mr. Chisholm was accorded 
а vote of thanks for his paper. 

A paper entitled “Тһе Beardmore-Tosi Diesel Engine: 
Results of Test Bed and Sea Trials," by Mr. Robert Love, 
was read. 

A paper entitled “ Some Oil Engine Experiments,” by Mr. 
A. I. Nicholson, B.Se., was read. 

The following candidates were elected : — 


As MEMBERS. 


FORSTER, HERBERT CEciL, Engineer Surveyor, Lloyd's Register of 
Shipping, 342 Argyle Street, Glasgow. 


VEREL, JAMES TURNBULL RaE, Engineer, The Grange, Newlands, 
Glasgow. 
From Associate Member. 
HuME, CRAWFORD WILLIAM, Engineer, 7 Mirrlees Drive, Glasgow, W. 


AS ASSOCIATE MEMBERS. 


Harvey, Ковект, B.Sc., Engineer, Craigmont, 33 Newark Drive, 
Pollokshields, Glasgow. 


NEILSON, THOMAS WILLIAM, Engineer, Eastwood, Sandyhills Road, 
Tollcross, Glasgow. 


From Student. 


Nitsson, DoucLas, B.Sc., Engineer, Messrs. J. С. Gammon (Bombay) 
Ltd., Bombay, India. 


As STUDENTS. 


McCasH, JAMES ALEXANDER, Student of Engineering, Wester Gallow- 
hill, Lenzie. 


MACKENZIE, DONALD MANNERING, Student of Engineering, 7 Third 
Avenue, Victory Gardens, Renfrew. 


MACLEOD, JAMES KELLY, Apprentice Engineer, Westfield, Mill Road, 
Yoker. 


An informal meeting was held in the Smoking Room of the 
Institution, at 39 Elmbank Crescent, Glasgow, on Tuesday, 
27th March, 1923, at 7.30 p.m. 
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Mr. Harold E. Yarrow, C.B.E., President, occupied the 
chair. 

Discussions took place on the papers entitled ‘‘ The 
Beardmore-Tosi Diesel Engine: Results of Test Bed and Sea 
Trials," by Mr. Robert Love, and '' Some Oil Engine Experi- 
ments," by Mr. А. 1. Nicholson, B.Sc. 


The Annual General Meeting was held in the Rankine Hall, 
39 Elmbank Crescent, Glasgow, on Tuesday, 10th April, 1923, 
at 7.30 p.m. 

Mr. Harold E. Yarrow, C.B.E., President, occupied the chair. 

The Minutes of the Sixth General Meeting, held on 13th 
March, 1923, and of the informal meeting, held on 27th March, 
1923, having been printed in the billet calling the meeting, 
were held as read, and signed by the Chairman. 

The following members were elected ав office-bearers :— 
For Session 1923-24—President, Mr. J. Howden Hume. For 
Sessions 1923-26—Vicc-President, Mr. Norman O. Fulton. 
Members of Council, Messrs. J. L. Adam, А. 5. MacLellan, 
B.Sc., W. W. Marriner, 5. J. Pigott, Robert Traill, and (from 
Associate class) Lieut.-Col. T. K. Gardner. 

The discussion on the paper entitled “ Some Oil Engine 
Experiments," by Mr. А. I. Nicholson, B.Sc., was resumed 
and adjourned. 

A paper entitled '' Electric Transmission of Power for Pro- 
pelling Machinery," by Mr. W. J. Belsey, was read, and the 
discussion thereon begun and adjourned. 

A paper entitled '' The Arch Principle of Ship Construction, '' 
by Mr. Maxwell Ballard, was read. | 

The following candidates were elected : — 


As MEMBERS. 


McMILLAN, KINGSLEY DouGLas, Engineer, 86 St. Vincent Street, 
Glasgow. 


MACPHAIL, KENNETH W. H., Engineer, 10 Bute Gardens, Glasgow. 
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As AN ASSOCIATE MEMBER. 


PETRIE, JAMES, Engineer, 167 Great Western Road, Glasgow. 


As AN ASSOCIATE. 


AITKEN, SAMUEL ROBERT, Marine Superintendent, Blue Funnel Line, 
Yorkhill Basin, Glasgow. 


As STUDENTS. 


ANDERSON, Ian, Apprentice Engineer, Fraser House, Colinton, Edin- 
burgh. 


BELL, STEVEN Dickson, Apprentice Engineer, 17 Wilton Mansions, 
Kelvinside N., Glasgow. 


FAIRLIE, ALEXANDER MELLING, Apprentice Engineer, 19 Whittinghame 
Drive, Glasgow. 


LAIRD, ARCHIBALD McCKELLar, Student of Engineering, 13 Montgomerje 
Street, Eaglesham, near Glasgow. 


A Special General Meeting was held in the Smoking Room 
of the Institution, 89 Elmbank Crescent, Glasgow, on Tues- 
day, 17th April, 1923, at 7.30 p.m. 

Mr. Harold E. Yarrow, C.B.E., President, occupied the chair. 

The discussion on the paper entitled “Тһе Beardmore-Tosi 
Dicsel Engine: Results of Test Bed and Sea Trials,’’ by Mr. 
Robert Love, was resumed and concluded. 

On the motion of the Chairman, Mr. Love was accorded a 
vote of thanks for his paper. 

The discussion on the paper entitled “ Some Oil Engine 
Experiments,” by Mr. A. I. Nicholson, B.Sc., was resumed 
and concluded. 

On the motion of the Chairman, Mr. Nicholson was aecorded 
a vote of thanks for his paper. 

The diseussion on the paper entitled '' Electric Transmission 
of Power for Propelling Machinery," by Mr. W. J. Belsey, 
was resumed and concluded. 

On the motion of the Chairman, Mr. Belsey was accorded 
a vote of thanks for his paper. 


т 
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The discussion on the paper entitled ''The Arch Principle 
of Ship Construction," by Mr. Maxwell Ballard, was begun 
and concluded. 

On the motion of the Chairman, Mr. Ballard was accorded 
a vote of thanks for his paper. 

The following candidates were elected : — 


AS A MEMBER. 


BROWNLIE, FREDERICK GEORGE, Consulting Naval Architect, 50 Welling- 
ton Street, Glasgow. 


AS AN ASSOCIATE MEMBER. 


Brown, JAMES, Engineer, Nigerian Marine Headquarters, Lagos, British 
West Africa. 
As STUDENTS. 


HANNAH, THOMAS CRAWFORD, Apprentice Engineer, 2 Harcourt Drive, 
Dennistoun, Glasgow. 


RoBERTS, WiLLIAM MCLELLAND, Apprentice Engineer, c/o Mrs. Burrell, 
8 Hayburn Crescent, Partickhill, Glasgow. 


REPORT OF THE COUNCIL. 


SESSION 1921-22. — 


Since the Council issued their last report, the country has 
experienced an industrial depression unequalled in severity for 
many years, in consequence of which the Institution has 
suffered a slight decline in membership. It is hoped, however, 
that upon a return to normal times the roll strength will be 
speedily restored to the level of the previous session. 

The financial position of the Institution remains satisfactory, 
and judged by the number of papers read, and the contribu- 
tions to the discussions, the activities of the Institution in 
this direction were fully maintained. 


THE ROLL. 


The changes in membership during the year ending 30th 
September, 1922, are shown in the following statement : — 


Session 1920-21. Session 1921-22. 


Honorary Members - - - 4 4 
Members - - - - - 1,214 1,188 
Associate Members - - - 316 361 
Associates - - - - - 84 80 
Students - : ес - 169 180 

1,847 1,808 


The number of admissions to the register during the year 
was 98, while the transfers from a lower to a higher grade of 
membership were 2. Allowing for deletions on account of 
deaths, resignations, and removals for non-payment of sub- 
scriptions, there is a decrease in membership of 39. 
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MEMBERS DECEASED. 


The Council deeply regret to report that the following names 
have been removed from the register by death :— 
Members.—James Boyd, Glasgow; Alexander Cleghorn, Glasgow; James 

Craig, Glasgow; Henry E. Hollis, Glasgow; James G. Kinghorn, 

Birkenhead ; Sir William Lorimer, Glasgow ; David M. Maclay, Glas- 

gow; Robert Monroe, Dinas Powis; Robert T. Napier, Dunblane ; 

William A. Robertson, Glasgow; Peter A. Somervail, Glasgow ; 

William Spalding, Glasgow; R. Saxton White, Bournemouth. 
Associate.-—James A. Donald, Glasgow. 


WORK OF THE SESSION. 


From October to April inclusive there were held seven 
ordinary general meetings, three special general meetings, and 
two informal meetings at which subjects of current interest 
were discussed. The average attendance at the ordinary 
meetings was 140, and at the informal meetings, 52. 

At the opening meeting the President delivered an address, 
in the course of which he dwelt upon the importance of 
scientific and industrial research to the manufacturing interests 
of this country, and particularly with that branch of research 
which had been carried out continuously during the past fifty 
years in connection with high-speed torpedo craft. He dealt 
in turn with the experiments made on form of hull, engines, 
and boilers respectively with the object of cheapening cost of 
production and improving the general efficiency of this type 
of vessel. 

Following is a list of the papers presented and discussed 
during the session : — 


" Some Factors Limiting the Power of Diesel Engines," by А. D. 
Bruce, A.R.T.C. 


“Тһе Assessment of Harbour and Other Dues for Merchant Ships," by 
John Anderson. 

“Some Points Affecting the Construction and Maintenance of Double 
Bottoms,” by J. L. Adam. 

“ Ball and Roller Bearings: ‘Their Design and Performance," by 
A. W. Macaulay. | 


REPORT OF THE COUNCIL 509 


“А New Form of Gear,” by W. Rus. Darling. 
“Тһе Economic Proportions of Cargo Ships," by W. G. Cleghorn, B.Sc. 
“ Analysis of Propeller Performance," by Campbell Macmillan, B.Sc. 


“ The Design of Screw Propellers and the Analysis of Trial Results,’ 
by W. J. Duncan, B.Sc. 


“The Still Engine for Marine Propulsion,” by Archibald Rennie. 
“ Manceuvring of Ships," by G. S. Baker, O.B.E., and G. H. Bottomley. 
“ Brittleness and Fatigue in Metals," by Prof. Cecil H. Desch, D.Sc., Ph.D. 


“The Development of Diesel Engines for Naval Purposes," by Engineer 
Vice-Admiral Sir George С. Goodwin, K.C.B., LL.D. 


The President's Address, together with the papers and dis- 
cussions thereon, are published in Vol. LXV of the Institution's 
proceedings. 

The “‘ James Watt'' Dinner was held in the banqueting 
hall of the Grosvenor Restaurant, Glasgow, on Friday evening, 
25th November, 1921. Mr. Harold E. Yarrow, C.B.E., 
President, occupied the chair, and, as in previous years, the 
eapacity of the hall was taxed to its utmost to accommodate 
the company. : 

A Smoking Concert was held €! with The Society of 
Chemical Industry—Glasgow Section, and The Institute of 
Chemistry—Local Branch, in the Rankine Hall on Saturday 
evening, Ist April, 1922. Мг. В. D. Moore, B.Sc., Vice- 
President, occupied the chair, and a very pleasant evening 
was spent. 


Honours CONFERRED UPON MEMBERS. 

The Council take this opportunity of offering their con- 
gratulations to the following members of the Institution upon 
whom honours have been bestowed : — 

Baronetcy. 
Dr. Hugh Reid, C.B.E. 


Knighthood. 
Mr. Alexander Richardson, M.P. 


The Order of The Rising Sun (Fourth Class). 
Mr. A. Scott Younger, B.Sc. 
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PRESENTATIONS TO THE INSTITUTION. 


A framed photograph of Mr. Alexander Cleghorn, President 
of the Institution during sessions 1917-18 and 1918-19, gifted 
to the Institution by himself shortly before his death. 

А photogravure of Sir William Orpen’s portrait of the 
Hon. Sir Charles Parsons, K.C.B., F.R.S., Member of the 
Institution—from the Parsons Marine Steam Turbine Co., Ltd. 


STUDENTS’ SECTION. 


The Students' monthly meetings during the session were 
occupied by the reading and discussion of the following 
papers : — 


“ Liquid Fuel and Its Application to Marine Boilers,” by Edward С. Holl, 
** Apprentice Training and Workshop Organisation,” by Е. Н. Watts. 

“ Automobile Design," by W. P. Kirkwood, B.Sc. 

“ Leaves from a Metallurgist’s Notebook," by Louis Ripley. 

“ Electric Railways," by J. Г. Taylor, Wh. Ex., and В. Alexander, B.Sc. 


As in previous years, visits to works were organised by 
the Students’ Council, and the Students desire to express their 
thanks to the authorities of the following establishments for 
the facilities afforded and the kindness shown during these 
visits : — | 

Messrs. William Beardmore & Co., Ltd., Dalmuir. 
Messrs. George Outram & Co., Ltd. 
The North British Locomotive Co., Ltd., Hydepark Works. 


Dalmarnock Power Station. 
Messrs. Scotts’ Shipbuilding and Engineering Co., Ltd., Greenock. 


FINANCE. 

The surplus revenue for the year ending 30th September, 
1922, as shown in the Treasurer's Statement, appended hereto, 
is £70 76. 1d. 

Under the will of the late William James Millar (Secretary 
of the Institution from 1871 to 1896 inclusive), the testator 
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bequeathed a legacy of fifty pounds sterling to the Institution, 
the interest of which is to go to provide a prize of books 
annually for the Students’ Section of the Institution, this prize 
to be known as ''The Millar Prize." As the legacy was not 
left free of duty, the sum received by the Institution, after 
deducting charges, was £47 4s. 


The following societies hold their sessional meetings in the 
Institution’s premises : — 


British Music Society. = 

Glasgow Institute of Architects. 

Glasgow Master Wrights’ Association. 

Institute of Metals—Local Section. 

Scottish Society of Industrial Welfare Supervisors. 
Society of Chemical Industry—Glasgow Section. 


Glasgow and West of Scotland Association of Foremen Engineers and 
Draughtsmen. Е 


Institution of Civil Engineers—Glasgow Association of Students. 
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TREASURER’S 
INCOME AND EXPENDITURE ACCOUNT FOR 
GENERAL 

ORDINARY INCOME. 1921-1922. 1920-19? 1. 


[. Annual Subscriptions received— 


Members ... Т” ... £3,162 0 0 
Associate Members ... 662 10 0 
Associates ... des ... 172 10 0 
Students... sis .. 133 16 0 
———— | £4,130 16 0 | £4,819 17 0 
II. Arrears of Subscriptions recovered ... 5% 74 15 0 44 93 
ПІ. Sales of “Transactions” ... n3 T 192 3 5 185 1 0 
IV. Interests and Rents— 
Interest on Deposit Re- 
сер... 44% . £67 0 8, 
Interest on Clyde Trust 
Mortgages e. o s. 143 13 
Interest on 595 War Stock 62 10 
Interest on 59$ National 
War Bonds Беа a 10 0 


Sundry Rents — ... ... 21214 6 
—————— 555 18 3 


451 S 0 


V. Advertisement Receipts, less cost of Printing 390 4 3 310 1 3 


O O m= 


EXTRAORDINARY INCOME. | 


Income Tax recovered 29% "T "t 82 3 11 408 18 3 
Donations ... .. ps ES sie wie 5 5 0 


Ш 


‚ £5,431 5 10 | £5,569 7 9 
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STATEMENT. 
THE YEAR ENDING 30TH SEPTEMBER, 1922. 
FUND. 


~~ —— -- 


ORDINARY EXPENDITURE. 1921-1922. 1920-1921. 


I. Management Expenses— 


Salaries... ... £1,344 7 9 
Stationery, Post- 

ages, etc. ... 121 3 2 
Office Expenses 54 5 4 
Coffee Room 

Account  ... l0 3 3 
Lithography ... 7 5 0 
Library Books 25 10 3 
Travelling Ex- 

penses PR 16 7 0 


IT. House Expenses— 
Feu-Duty, Taxes, 
and Insurance £637 2 7 
Caretaker and 


| 
| 
—— £1,579 1 9, 


| 
Cleaning ... 273 010 
Maintenance and | 
Repairs 4 114 4 7 
Heating and 
Lighting ... 15713 2 
Depreciation— 
Buildings ... 400 0 0 | 
Furniture and 
Fittings ... 50 0 0 
— — 1,032 1 2 
-------- | £3,211 2 11 | £3,114 18 8 
IIT. “Transactions” Expenses— 
Printing and Binding ..£1,871]11 2 
Postages ТА я ... 149 15 2 
Reporting ae Sue БЕР 16 4 2 
Delivery of Volume (Est.) ... 85 12 0 


— 2,1232 6 2,272 0 0 


EXTRAORDINARY EXPENDITURE. 


Contribution to Conjoint Board of 
Scientific Societies  ... .. £10 0 0; 
Faraday Society, Guarantee Fund 1613 4 


—— | 26 13 4 122 14 1 


Surplus carried to Balance Sheet aes es 70 7 1 69 16 6 


| £5,431 5101 £5,569 7 9 
Cummur- IUE xau eriam | Grier toc one fu 
35 
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BALANCE SHEET, AS AT 


As at As at 


30th Sept., 204), Sept. 
LIABILITIES. 1929. 1920. — 
I. General Capital Account — ES 
As at lst October, 1921  ...£31,959 6 11 
Entry Money... ss ds 66 0 0 
Surplus from Revenu vis 70 7 1 l 
£32,095 14 0 |£31,959 6 11 
II. Life Members’ Subscriptions > 9 1,675 0 0 1,565 0 0 
ПІ. Feu-Duty and Taxes accrued a -— 199 0 0 225 0 0 
IV. Sundry Creditors ... 24% a" 58 1,520 16 3 2,090 7 9 
V. Subscriptions paid in advance... ix 98 15 0 116 0 O 
VI. Social Fund. ... -— A - sis 66 4 0 S1 17 8 


VII. Medal Funds— 
Marine Engineering— 
Balance as at 
lst Oct., 1921 £923 1 6 
Interest received 38 6 0 
Income Tax re- 
covered ... 24 18 11 
- —————— £986 6 5 
Railway Engineering— 
Balance as at 
Ist Oct., 1921 £616 13 6 
Interest received. 25 12 8 
Income Tax re- 
covered ... 1613 7 
—— 658 19 9 
Students’ — 
Balance гв at 
Ist Oct., 192] £460 5 6 
Interest received 19 1 9 
Income Tax re- 
covered vus 12 8 8 
Grant from 
* Buchanan and 
Ewing Bequests" 50 0 0 
W. J. Millar Be- 
quest, less duty 47 4 0 


£588 19 11 
Less cost of Tech- 
nical Books 55 0 0 
533 19 11 
————— 2,179 6 1 2,000 о 6 


£37,825 15 4 £37,957 12 10 
CAAA 
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30тн SEPTEMBER, 1922. 


As at 
ASSETS. 80th Sept., 
1921. 
I. Buildings Account ... £27,142 19 7 
Less Depreciation... .. 400 0 0 
———— — —— (£206,142 19 7 (627,142 19 7 
II. Furniture and Fittings ... 650 0 0 
Less Depreciation... x 50 0 0 
SS 650 о о 
III. Books in Library— 
Valued at, say 500 0 0 
IV. Investment Account— 
Clyde Trust Mortgages .. £3,500 0 0 
5% War Stock (1929- 1947). .. 1,187 10 0 
5% National War Bonds .. 200 0 0 
— 4,887 10 0 9,087 10 0 
V. Medal Funds Investments— 
Clyde Trust Mortgages ... £1,300 0 0 
5% National War Bonds ... 350 0 0 
On Deposit Receipt ... ... 452 9 9 
Моте. —Ваапсе of £76 168. 4d. — —— 2,102 9 9 1,970 18 5 
since lodged on Deposit Receipt. 
VI. Arrears of Subscriptions— 
Session 1921-22— 
Members us ms .. £147 0 O0 
Associate Members ... TA 60 15 0 
Associates... E ess 615 0 
Students | ... E AX 6 9 0 
£220 19 0 
Previous Sessions— 
Members ... £40 0 0 
Associate Members 24 15 0 
Associates sec o4 5.0 
67 0 0 
Total ... sue .. £287 19 0 
Valued at, say.. 45 eus T 50 0 0 50 0 0 
VII. Rents, Interests, etc., accrued... к see 290 15 8 69 18 1 
VIII. Cash— 
In Bank on D/R and Interest £2,624 5 6 
Current Account НЕА 5. 28 3 10 
£2,652 9 4 
Less due Secretary ... Р о9о 
2,652 0 4 451616 9 


£37,825 15 4 247,987 12 10 


GrAsaow, Sth November, 1999. —Audited and certified correct. 
DAVID BLACK, C.A,, Auditor. 


REPORT OF THE LIBRARY COMMITTEE. 


During the Session the accessions to the Library were 297 
volumes and pamphlets. Of these 20 were Board of Trade 
Reports on Boiler and Steam-pipe Explosions; 24 Engineering 
Standards Committee publications; 81 volumes of Abridgments 
of Specifieations of Patents; 11 volumes and pamphlets by 
donation; 114 volumes and pamphlets by exchange, and 47 
volumes by purchase. 

In addition to the books consulted in the Library and 
Reading-room, 1,176 were loaned to 696 borrowers. This 
number included 708 complete works, 141 volumes of transac- 
tions, proceedings of technical institutions, etc., 264 periodicals, 
etc., and 63 Abridgments of Specifications of Patents. 

The Institution exchanges transactions with 79 scientific 
societies; there are also received in exchange 93 periodicals, 
86 being weekly, 54 monthly, 2 bi-monthly, and 1 quarterly. 

The Institution possesses a set of Abridgments of Specifica- 
tions of Patents from the year 1617, and files of the principal 
periodicals are kept. 

The Library Committce will be pleased to receive gifts of 
technical books, ete., to be preserved in the Library for 
reference. 

LIBRARY ACCESSIONS. 
By Donation. 


Abridgments of Specifications of Patents. 81 volumes. Series 1909-1915. 
From the Patent Office. 

Alexander, T., and Thomson, A. W. Scientific Design of Masonry Arches 
with Numerous Examples. Dublin. 1916. From the Authors. 

Commonwealth of Australia. Report of the Royal Commission on the 


Matter of Uniform Railway Gauge. Melbourne. 1921. From the 
Government Office. 
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Constantinesco, С. Theory of Wave Transmission. 2nd ed. London. 

1922. From Dr. R. T. Moore. 

Engineering Standards Committee Publications :— 

British Standard Specification and Sections for Tramway Rails and 
Fishplates. No. 2. 1922. 

British Standard Specification for Dimensions of Insulated Annealed 
Copper Conductors for Electric Power and Light. No. 7. 1922. 

British Standard Specification and Sections for Bull Head Railway 
Rails. No. 9. 1922. 

British Standard Specification and Sections for Flat Bottom Railway 
Rails. No. 11. 1922. | 

British Standard of Reference for Aircraft Dope and Protective 
Covering. No. 83. 1922. 

British Standard Specification for Parallel Sided Carbon Brushes for 
D.C. Commutator Machines. No. 96. 1922. 

British Standard Specification for Falling Weight Testing Machines 
for Rails. No. 103. 1922. 

British Standard Graphical Symbols for Electrical Purposes. No. 108. 
1922. 

British Standard Specification for Dimensions and Resistances of 
Bare Annealed Copper Wire for Electrical Machinery and Apparatus. 
No. 128. 1922. 

British Standard Specification for Porcelain Insulators for Overhead 
Power Lines. No. 137. 1922. 

British Standard ‘Specification for Materials and  Constructional 
Strength of Chemical Fire Extinguishers. No. 138. 1922. 

British Standard Dimensions for Long Sweep Type Malleable Iron 
Pipe Fittings for Steam, Water, and Gas. No. 143. 1922. 

British Standard Specification for Wrought Iron Wheel Centres for 
Electric Tramway Cars. No. 149. 1922. 

British Standard Specification for Cast Steel Wheel Centres for 
Electric Tramway Cars. No. 150. 1922. 

British Standard Specification for Disc for Determining the Illuminating 
Effect of Automobile Driving Lamps. No. 151. 1922. 

British Standard Specification for Dimensions in Metric Measure of 
Insulated Annealed Copper Conductors for Electric Power and 
Light. No. 152. 1922. 

British Standard Specification for Girder Bridges. (Parts 1 and 2. 
Materials and Workmanship.) No. 153. 1922. 

British Standard Dimensions for Malleable and Soft Cast Iron 
Pipe Fittings for Steam, Water, and Gas. No. 154. 1922. 

British Standard Specification for Mctallic Resistance for Electrical 
Purposes. 1922. 
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British Standard Specification for Condenser Tubes and Screwed 
Glands for Marine Purposes. 1922. 
British Standard Specification for Table Glass and Crockery for use 
on Ships. No. 3001. 1922. 
British Standard Specification for Oil Lamps for use on Ships. No. 
3002. 1922. 
British Standard Specification for Locks for Ships’ Joinery Work. 
№. 3003. 1922. 
Interim Report on British Standard Nomenclature for Automobile, 
Motor Cycle, and Cycle Parts. No. C.A. 3051. 1922. 
ioudie, Professor W. J. Steam Turbines. 2nd ed. London. 1922. From 
the Author. | 
Kempe, Н. В., ed. The Engineer’s Year-Book for 1922. London. 1922. 
From the Editor. 
MacKenzie, T. B. The Evolution of the Steam Engine. Glasgow. 1922. 
From the Author. 
The Motor Boat. Vols. XXXV. and XXXVI. London. 1921-1922. From 
the Proprietors. 
The Motor Ship. Vol. П. London. 1921-22. From the Proprietors. 
Ship Construction, The G.A. System of. London. 1921. From the Authors. 


Sothern, J. W. M. Notes and Sketches on Marine Diesel Oil Engines. 
Glasgow. 1922. From the Author. 


University of Glasgow. Calendar, 1922-23. Glasgow. 1922. From the 
University. | ; 


The Committee desire to thank cordially the donors of books 
and pamphlets to the Library. 


By Purchase. 


Allcut, E. А, and King, C. J. Engineering Inspection. London. 1922. 

Archbutt, L., and Deeley, R. M. Lubrication and Lubricants. 4th ed. 
London. 1920. i 

Atkinson, Eng.-Lieut. H. Marine Diesel Engine and Semi-Diesel Engine 
Operation and Management. London. 1921. 

Beck, E. G. Tank Construction. Manchester. 1921. 

Beilby, Sir George. Aggregation and Flow of Solids. London. 1921. 

Booth, W. H. Liquid Fuel and Its Apparatus. 2nd ed. London. 1922. 

Brodetsky, S. The Mechanical Principles of the Aeroplane. London. 1921. 

Broughton, H. H. The Electrical Handling of Materials. Vol. I. London. 
1920. Vol. III. London. 1922. 

Brownlie, D. Boiler Plant Testing. London. 1922. 


REPORT OF THE LIBRARY COMMITTEE 519 


Darling, C. В. Pyrometry: A Practical Treatise on the Measurement of 
High Temperatures. 2nd ed. London. 1920. 

Davidge, H. T., and Hutchison, R. W. Technical кеу: 4th ed. 
London. 1922. 

Desch, С. Н. Metallography. 3rd ed. London. 1922. 

Ellis, C., and Meigs, J. V. Gasoline and Other Motor Fuels. London. 1921. 

Faber, O. Reinforced Concrete Design. Vol. II. London. 1920. 

Faber, O., and Bowie, P. G. Reinforced Concrete Design. Vol. I. 2nd ed. 
London. 1919. 

Findlay, A. E., and Wiggington, R. Practical Chemistry of ae London. 
1921. 

Fleming, А. P. M., and Pearce, J. G. Research іп Titi London. 
1922. 

Garrard, A. Gas, Oil, and Petrol Engines. London. 1919. 

Gibson, A. Н. Hydro-Electric Engineering. Vol. I. London. 1921. 

Glazebrook, Sir Richard. Dictionary of Applied Physics. Vols. I. and II. 
London. 1922. 

Goudie, W. J. team Turbines. 2nd ed. London. 1922. 

Grard, C. Aluminium and its Alloys. London. 1921. 

Greenwell, А., and Elsden, J. V. Practical Stone Quarrying. London. 
1913. 

Johnson, J. B. Materials of Construction. 5th ed. New York. 1919. 

Jones, L., and Scard, F. I. The Manufacture of Cane Sugar. 2nd ed. 
London. 

Kershaw, J. B. C. The Use of Low-Grade and Waste Fuels for Power 
Generation. London. 1920. 

Lewis, V. B. Liquid and Gaseous Fuels. 2nd ed. London. 1921. 

Loring, Е. Н. Atomic Theories. London. 1921. 

MacElwee, В. S., and Taylor, Т. В. Wharf Management, Stevedoring, and 
Storage. New York. 1921. 

McMeen, S. G., and Miller, K. B. Telephony. Chicago. 1922. 

Manning, H. P. The Fourth Dimension Simply Explained. London. 1921. 

Mills, J. Within the Atom. London. 

Monier-Williums, G. W. Power Alcohol London. 1922. 

Moore, H. Liquid Fuel for Internal-Combustion Engines. 2nd ed. London. 
1920. 

Paul, J. H. Boiler Chemistry and Feed Water Supplies. London. 1919. 

Petrie, T. Modern Practice in Heat Engines. London. 1922. 

Pogue, J. E. The Economics of Petroleum. New York. 1921. 


Pounder, C. C. Machinery and Pipe al E on Shipboard. Man- 
chester. 1922. 
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Ricardo, H. R. The Internal-Combustion Engine. Vol. I. London. 1922. 

Seeley, F. B., and Ensign, N. E. Analytical Mechanics for Engineers. New 
York. 1921. 

Swift, H. B. Practical Electric Welding. London. 1919. 

Taylor, H. S. Fuel Production and Utilisation. London. 1920. 

Thomsen, T. C. The Practice of Lubrication. New York. 1920. 

Urquhart, J. W. Steel Thermal Treatment. London. 1922. 

Walker, M. The Diagnosing of Troubles in Electrical Machines. London. 


1921. 
Williams, C. C. The Design of Masonry Structures and Foundations. New 
York. 1922. 


Young, S. Distillation Principles and Processes. London. 1922. 


THE INSTITUTION EXCHANGES TRANSACTIONS WITH THE 
FOLLOWING SOCIETIES, Etc. :— 


Aberdeen Association of Civil Engineers, Aberdeen. - 

Aeronautical Society of Great Britain, London. 

American Institute of Electrical Engineers, New York. 

American Institute of Mining Engineers, New York. 

American Philosophical Society, Philadelphia. 

American Society of Civil Engineers, New York. 

American Society of Mechanical Engineers, New York. 

American Society of Naval Engineers, Washington. 

Association des Ingénieurs sortis des Ecoles Spéciales de Gand, Gand. 
Association Technique, Paris. 

Barrow and District Association of Engineers, Barrow. 

British Association for the Advancement of Science, London. 

British Corporation for the Survey and Registry of Shipping, Glasgow. 
Bureau of Steam Engineering, Navy Department, Washington. 
Bureau Veritas International Register of Shipping, Paris. 

Chemical, Metallurgical, and Mining Society of South Africa, Johannesburg. 
Collegio Degli Ingegneri e Architetti in Palermo, Palermo. 

Collegio Degli Ingegneri Navali e Meccanici in Italia, Genova. 

École Polytechnique, Paris. 

Engineering Association of New South Wales, Sydney. 

Engineering Institute of Canada, Montreal. 

Engineering Society of the School of Practical Science, Toronto. 
Franklin Institute, Philadelphia. 

Huddersfield Enginering Society, Huddersfield. 

Institute of Marine Engineers, London. 
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Institute of Metals, London. 

Institute of Railway Signal Engineers, Derby. 

Institution of Automobile Enginecrs, London. 

Institution of Civil Engineers, London. 

Institution of Civil Engineers of Ireland, Dublin. 

Institution of Electrical Engineers, London. 

Institution of Gas Engineers, London. 

Institution of Mechanical Engineers, London. 

Institution of Mining Engineers, London. 

Institution of Municipal and County Engineers, London. 

Institution of Naval Architects, London. 

Iron and Steel Institute, London. 

Junior Institution of Engineers, London. 

Literary and Philosophical Society of Manchester, Manchester. 

Liverpool Engineering Society, Liverpool. 

Lloyd’s Register of British and Foreign Shipping, London. 

Manchester Association of Engineers, Manchester. 

Massachusetts Institute of Technology, Cambridge, Mass. 

Midland Institute of Mining, Civil, and Mechanical Engineers, Sheffield. 

Mines Branch, Department of Mines, Ottawa. 

Mining Institute of Scotland, Glasgow. 

Municipal School of Technology, Manchester. 

National Physical Laboratory, Teddington. 

Norske Veritas Register of Shipping, Kristiania. 

North-East Coast Institution of Engineers and Shipbuilders, Newcastle-on. 
Tyne. | 

North of England Institute of Mining and Mechanical Engineers, Newcastle- 
on-Tyne. 

Northern Engineering Institute of New South Wales, Newcastle, N.S W. 

Nova Scotian Institute of Science, Halifax, N.S. 

Patent Office, London. 

Professional Memoirs, Corps of Engineers, United States Army, Washington. 

Royal Canadian Institute, Toronto. 

Royal Dublin Society, Dublin. 

Royal Philosophical Society, Glasgow. 

Royal Scottish Society of Arts, Edinburgh. 

Royal Society of Arts, London. 

Royal Society of Edinburgh, Edinburgh. 

Royal United Service Institution, London. 

Scientific Library, U.S. Patent Office, Washington. 
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Scientific Society of the Royal Technical College, Glasgow. 


Smithsonian Institution, Washington. 


Société d'Encouragement pour l'Industrie Nationale, Paris. 

Société des Ingénieurs Civils de Franco, Paris. 

` Société des Sciences Physiques et Naturelles de Bordeaux, Bordeaux. 
Société Industrielle de Mulbouse, Mulhous». 


Society of Engineers, London. 


Society of Naval Architects and Marine Engineers, New York. 
South Wales Institute of Engineers, Cardiff. 


University of Cambridge, Cambridge. 


University of Illinois Engineering Experiment Station, Urbana. 


University of Liverpool, Liverpool. 
University of Sheffield, Sheffield. 


Victorian Institute of Engineers, Melbourne. 
West of Scotland Iron and Steel Institute, Glasgow. 
Western Society of Engineers, Chicago. 


PUBLICATIONS RECEIVED PERIODICALLY IN EXCHANGE FOR 
INSTITUTION’S TRANSACTIONS : — 
Weekly. 


American Machinist. 

Autocar. 

Automotor Journal. 

Canadian Machinery. 

Colliery Guardian. 

Electrical Review. 

Electrician. 

Engineer. 

Engineering. 

Engineering and Industrial Manage- 
ment. 

Engineering Production. 

Engineering World. 

Fairplay. 

Flight. 

Indian Engineering. 

[гоп and Coal Trades’ Review. 

Journal de la Marine le Yacht. 


Journal of Commerce (Thursday issue). 


Latin American Engineering. 
L'Industria: X Rivista Tecnica ed 
Economica. 

Machinery. 

Machinery Market. 

Manchester Guardian Commercial. 

Mechanical World. 

Modern Transport. 

Motor Boat. 

Motor World. 

Nature. 

Nautical Gazette. 

Practical Engineer. 

Railway Gazette. 

Scientific American. 

Shipbuilding and Marine Enginecring 
Bulletin. 

Shipbuilding and Shipping Record. 

Shipping World. 


Syren and Shipping. 
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Monthly. 


American Marine Engincer. 

American Marine Engineering and 
Shipping Age. 

American Motor Ship. 

Association of Drop Forgers and 
Stam pers. 

Automobile Engineer. 

British Engineers’ Export Journal. 


Bureau Veritas—Bulletin Technique. 


Civil Engineering. 


Cleveland Technical Institute Bulletin. 


Cold Storage and Produce Review. 

Colville’s Magazine. 

Compressed Air Magazine. 

Concrete and  Constructional En- 
ginecring. 

Electric Railway апа Tramway 
Journal. 

Engineering Review. 

Ferro-Concrete. 

Gas and Oil Power. 

General Electric Review. 

Indian and Eastern Engineer. 

Indian and Eastern Motors. 

[ndustrial Engineer. 

Industrial India. 

[Industrial Management. 

Iron and Steel of Canada. 

Journal of Chamber of Commerce, 
Aberdeen. 

Journal of Chambers of Commerce, 


Edinburgh and Leith. 


Journal of Chamber of Commerce, 
Glasgow. 

Marine Engineer. 

Marine Engineer Officers’ Magazine. 

Marine Engineering of Canada. 

Merchant Service Review. 

Metallurgical and Chemica) En- 
gineering. | 

Metropolitan Vickers Gazette. 

Motor Ship. 

Nautical Magazine. 

Navy. 

Oil Engineering and Finance. 

Oil Power Engineering. 

Popular Science Monthly. 

Portefeuille Economique des 
Machines. 

Raw Materials Review. 

Revista Marittima. 

Revue de L’Ingénieur et Index 
Technique. 

Scheepsbouw en Scheepvaart. 

Science Abstracts. 

Shipbuilder. 

South African Engineering. 

Steamship. 

Steel Structures. 

The Chart. 

The Sperryscope. 

Times Engineering Supplement 

Tramway and Railway World. 

Wireless World. 


ВітотМу. 


The Channel. 


The Military Engineer. 


Quarterly. 
The M. & C. (Mavor & Coulson) Apprentices’ Magazine. 
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The Library and Reading-room are open for the use of 
Members, Associate Members, Associates, and Students. 

The Portrait Album lies in the Library for the reception of 
Members’ Portraits. Members are requested when forward- 
ing Portraits to attach their Signatures to the bottom of Carte. 

The Library Committee is desirous of calling the attention 
of Readers to the “ Recommendation ВооЕ,” where entries 
can be made of titles of books suggested as suitable for 
addition to the Library. 

As arranged by the Council, a Register Book for Students 
lies in the Library for the inspection of Members, the object 
being to assist Students of the Institution in finding suitable 
appointments. | 

GEORGE BROWN, 
Hon. Librarian and Convener. 


REPORTS OF INSTITUTION’S REPRESENTATIVES ON 
VARIOUS BOARDS. 


The Institution was represented on the following boards 
and committees : — 


Advisory Committee for the William Froude National Tank, by Mr. 
P. D. Ewing, C.B.E. ; | 


Advisory Council to the Education Authority of the County of 
Dumbarton, by Mr. James Richardson, B.Sc. ; 


Board of Governors of the Glasgow and West of Scotland Commercial 
College, by Prof. A. L. Mellanby, D.Sc. ; 


Board of Governors of the Glasgow School of Art, by Mr. Laurence 
MacBrayne, O.B.E., M.A. ; 


Board of Governors of The Royal Technical College, Glasgow, by Mr. 
Harold E. Yarrow, C.B.E. ; 


Board of Trade Consultative Committee, by Mr. A. J. Campbell, Mr. 
John Duncan, Mr. J. Howden Hume, and Mr. C. Randolph Smith ; 


British Corporation Technical Committee, by Prof. P. A. Hillhouse, 
D.Sc., and Eng.-Capt. W. Onyon, R.N., M.V.O. ; 

British Engineering Standards Association: Sectional Committee on 
Gears, by Mr. N. O. Fulton; 


British Engineering Standards Association: Sectional Committee on 


Machine Parts, their Gauging and Nomenclature, by Dr. T. 
Blackwood Murray ; 


British Engineering Standards Association: Sectional Committee on 
Pipe Flanges, by Mr. Robert Strachan ; 


British Marine Engineering Design and Construction Committee, by 
Mr. James Brown, C.B.E., Mr. James S. Kincaid, O.B.E., and 
Mr. William G. Weir, O.B.E. ; 


Conjoint Board of Scientific Societies, by Mr. William Gray ; 


International Navigation Congress, General Organisation Committee, 
by the Secretary ; 


Joint-Committee on the Organisation of Classes in Science and Techno- 
logy, by Mr. N. O. Fultcn; | 


Lloyd's Technical Committee, by Мг. James Brown, C.B.E., Mr. James 
Fullerton, and Mr. William Millar, О.В.Е, 
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The following are reports from these representatives : — 


WILLIAM FROUDE NATIONAL TANK. 


During the past year two papers, giving the results of 
research work in the Tank, have been published. The first of 
these deals with the problem of cargo-ship resistance in waves, 
and gives data for certain models. These results are now being 
checked by observations on various ships, and further experi- 
ments will be made later with models of intermediate and 
liner types of ship. Experiments are also in progress to 
determine the effect of waves on the screw propeller with a 
view to giving as full an account as possible of the total losses 
of power in this respect. 

The second paper deals with the steering qualities of cargo 
ships having single screws, and rudders of ordinary unbalanced 
type. The research completed includes the shape of rudder, it 
differentiates the effect due to wake and screw propeller, and 
compares results obtained with the ship going ahead and astern. 
This paper by Mr. G. S. Baker, O.B.E., and Mr. G. H. 
Bottomley was read before the Institution on 14th March, 1922, 
and is published in Vol. LXV of the Institution’s proceedings. 
Research in this connection is now being extended, and the 
relative manceuvring value of single and twin screws is being 
investigated ; it is also intended to measure the effect of fulness 
of stern on the mancuvring values of both single and twin 
screws. | 

Considerable progress has been made during the past year 
with research on screw propellers mainly to determine the effect 
of immersion upon thrust and efficiency of the screw. This 
rescarch is being connected up with the analysis of ship trial 
data, and it is proposed to publish papers dealing in one case 
with the screw propeller problem, and in the other with the 
analysis of measured mile data and the comparison of ship 
and model results. 

In addition to the above general research work, a number of 
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firms have received assistance in improving their designs, and 
the maintenance of the Tank carries with it the great advantage 
of a highly-trained staff able and willing to assist shipbuilders 
or shipowners in the solution of any particular problem which 
might arise in connection with the form and propulsion of ships. 


THE EDUCATION AUTHORITY OF THE COUNTY OF DUMBARTON. 


The work of the Local Advisory Council during the session 
was comparatively light, and only a few meetings were held. 
The chief question submitted for consideration and recom- 
mendation was that of preparing a scheme of Juvenile Advisory 
Committees, to be set up in the more populous parts of the 
county. Such a scheme was devised, and approved by the 
Authority, who remitted it to the School Management Com- 
mittees concerned to be put into force as soon as practicable. 
The scheme recommended that some organisation should be set 
up by the Education Authority to look after the interests of 
pupils about to leave school, and that committees in various 
centres should not only advise pupils and their parents with 
regard to making a wise choice of employment, but should keep 
in close touch with pupils up to at least 18 years of age. 


THE GLASGOW AND WEST OF SCOTLAND COMMERCIAL COLLEGE. 


The matriculations for session 1921-22 were 1,335, repre- 
senting 2,708 class enrolments. Although this is a slight 
decrease on last session, due to the return to more normal con- 
ditions, the interest of students in the work of the College has 
been well maintained, as is evidenced by the presentation of 
prizes by the Students’ Representative Council and by 
individual diplomas. 

The policy of linking up the classes with public bodies has 
been vigorously pursued, resulting in the co-operation of the 
Institute of Accountants and Actuaries in forming advanced 
classes for such subjects as taxation and cost accounting, and 
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in the development of the insurance classes by the Insurance 
Institute. Similarly, in accordance with a mutual arrange- 
ment, a class in works organisation is provided by the Royal 
Technical College for commercial students, and one in book- 
keeping and cost accounting at the College for engineering and 
other technical students. 

After having been under consideration for several years, the 
problem of affiliation has now been more or less permanently 
solved, the arrangements being similar to those adopted for 
affiliation in technical education; work in continuation classes 
will now lead directly to the junior certificate of the College. 


THE GLASGOW SCHOOL ОЕ ART. 


The School is the central art institution for Glasgow and 
the West of Scotland, and works in co-operation with the 
following bodies: — Тһе Glasgow Provincial Committee in the 
training of art teachers and for the further instruction in art 
of public school teachers; the Royal Technical College in the 
management of the Glasgow School of Architecture and in the 
training of textile designers, etc.; and the Glasgow and West 
of Seotland College of Domestic Science. The continuation 
classes of the Education Authorities are affiliated to the School 
of Art, and the lending museum scheme is now participated in 
by 84 schools. 

Thirty-one diplomas were granted, and nine students received 
endorsement on their diplomas for post-graduate work. A 
travelling scholarship of £120, four maintenance bursaries for 
next session value £66 each, and minor travelling bursaries to 
the value of £70, were awarded by the Governors, authorised 
by the Scottish Education Department. Bursaries have also 
been granted by the Haldane Trust, the Carnegie Trust, the 
Glasgow Education Authority, the Robert Hart Trust, the City 
Educational Endowments Board, and other Education Authori- 
ties in Scotland. 
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The number of students attending the School during the 
session was 1,086. 


THE RoYAL TECHNICAL COLLEGE. 


There were in attendance at the College 1,202 day students 
and 3,969 evening students. The number of individual 
students was slightly less than in the preceding session, but 
the volume of work done, as represented by the hours of actual 
attendance, was greater than ever. The duplication and 
triplication of classes is still necessary, and a very heavy strain 
is, therefore, imposed upon the staff of the College. The 
system of affiliated evening classes continues to be very suc- 
cessful, and tkere are about 15,000 pupils in classes conducted 
by the surrounding Education Authorities, which lead up to 
the higher work of the College. 

The affiliation of the College to the University of Glasgow, 
in so far as it enabled College students to qualify for gradua- 
tion, did not become fully effective before the outbreak of 
war, and, therefore, few students could complete the course 
of study qualifying for graduation until three years after 
the armistice. Last session the degree of B.Sc. was awarded 
to 42 students who had completed their course wholly 
within the College—28 in engineering (including mining) and 
14 in applied chemistry (including metallurgy). Іп addition 
21 graduates attended classes in both the University and 
the College. 

Research work carried on in the College is extending rapidly, 
both in volume and importance. A number of valuable reports, 
having reference to the design of turbine nozzles and steam 
turbine research, has been published by Prof. Mellanby and his 
assistants during the past year. It is satisfactory to know that 
the successful application of the results of research to actual 
practice is drawing closer the bonds between the College and 
the а: industries. 
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BOARD OF TRADE CONSULTATIVE COMMITTEE. 


During the past year a variety of subjects raised by con- 
stituent members has been dealt with by the Committee, 
among which may be mentioned : —Motor life boats, position of 
discharge valves on ships’ sides, subdivision of home-trade 
vessels, oil-fuel installation in passenger steamships, and the 
issue of Suez and Panama certificates. 

The Committee were also consulted by the Board of Trade 
in respect of proposed ‘‘ Instructions as to the Survey of 
Master’s and Crew spaces,’’ and drew up a report on the pro- 
posals, which was incorporated with those of other bodies 
similarly consulted and sent to the Board of Trade. 


THE BRITISH CORPORATION TECHNICAL COMMITTEE. 


The Technical Committee during the past year have had 
under consideration the most extensive revision of the rules 
which has been made since the complete reconstruction in 1917. 
The rules and tables have been expanded so that designers can 
ascertain the structural components of departures from ordinary 
design, such as those known as the “ Isherwood ” and “К.К.” 
systems, as readily as those which are known as '' ordinary.” 
The rules have been subjected to detailed revision in other 
respects, in order to give effect to five years’ experience of their 
application, and the most important changes provide for the 
increase in sagging moments to which modern design appears 
to tend. | 

The Committee have been in consultation with the American 
Bureau regarding the rules for electrical equipment and 
for internal-combustion engines, with the result that both 
Registries have now interchangeable standards based upon 
modern experience on both sides of the Atlantic. At a Board 
of Trade Conference, representatives from the Committee were 
parties to an agreement, which achieves for water-tube boilers 
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a unity of practice between the Board of Trade and the Classi- 
fieation Societies similar to that for fire-tube boilers. 


BRITISH ENGINEERING STANDARDS ASSOCIATION: SECTIONAL 
COMMITTEE ON MACHINE PARTS. 


In the section concerned with Bolts and Nuts and their screw 
threads, good progress has been made in the preparation of 
schedules of general dimensions of British Standard Whitworth 
and British Standard Fine Bolts and Nuts, and it is expected 
that these will be ready for issue at an early date. The 
schedules in question will include dimensions for lock nuts, 
slotted and castle nuts, in addition to ordinary nuts and bolt 
heads. 

The second series of fatigue tests on Keys and Keyways has 
now been completed at the National Physical Laboratory, and 
a Report thereon will be considered by the Committee shortly, 
when the revision of the Association’s Report on Keys and 
Keyways will be initiated. Suggestions have been made that 
the existing tables be extended Cownwards to include keys for 
shafts as small as “25 inch in diameter. 

The principal makers of saw machinery are agreed as to the 
dimensions of Centre and Pin Holes for circular saws, and it 
is expected that the schedules which have been prepared will 
be finally approved both by the general body of saw machinery 
makers and by the makers of circular saws in the near 
future. 

The Panel considering the matter of Taps and Dies have 
put forward a recommendation that cutting tests with taps be 
carried out at the National Physical Laboratory, with a view 
to ascertaining the tolerances on the threads of commercial 
taps which can be permitted if such taps are to produce good 
screwed work. The question of meeting the cost of carrying 
out these tests is under consideration. | 

Efforts are being made to bring the proposals of the British 
and American Makers of Driving Chains into line, having in 
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view the considerable interchange between the two countries 
of motor vehicles, machine tools, ete., upon which these 
chains are used. 

The portion of the Association’s Report No. 28, which deals 
with spanners, is being revised, and the design of a new British 
Standard Spanner head has been approved. 

The Ball Bearing manufacturers are preparing schedules of 
ball bearing standards, and as soon as these are concluded the 
issue of British Standard Dimensions for Ball Bearings should 
not be long delayed. 


BRITISH ENGINEERING STANDARDS ASSOCIATION: SECTIONAL 
COMMITTEE ON PIPE FLANGES. 


The Sub-Committee appointed by the Institution and the 
North-East Coast Institution, to draw up and submit standard 
flange tables suitable for the requirements of marine-engine 
builders engaged in the production of both high-class passenger 
vessels and ordinary cargo-carriers, have now formulated their 
proposals for submission to the Main Committee. These pro- 
posals, if approved, will in due course be published, and it is 
hoped that they will meet with a favourable reception and 
general adoption by marine-engine builders throughout the 
country. 


BRITISH MARINE ENGINEERING DESIGN AND CONSTRUCTION 
COMMITTEE. 

The work of this Committee was directed mainly to the 
framing of standard conditions for the design and construction 
of water-tube boilers, and a booklet containing the results of 
the Committee’s labours has now been published. 

A meeting of representatives of the Board of Trade, Lloyd's 
Register of Shipping, British Corporation Register of Shipping, 
and Bureau Veritas Register of Shipping, was recently held to 
consider the adoption of these standard conditions, and as a 
result thereof there is every reason to hope that the Committee's 
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rules will shortly be adopted by the Board of Trade and the 
Registration Societies referred to and incorporated in their 
respective regulations, as was done in the case of the cor- 
responding standard conditions for the design and construction 
of cylindrical boilers. 


JOINT-COMMITTEE ON THE ORGANISATION OF CLASSES IN 
SCIENCE AND TECHNOLOGY. 


One important point in the work accomplished during the 
past year is that, the time-table of evening classes at the Royal 
Technical College for the Junior Certificate in Engineering has 
now been so arranged as to make it possible for a lad to cover 
the necessary ground by attending classes for two nights only 
per week. Formerly, it was necessary to take classes on three 
or four nights per week. The desirability of making this change 
was emphasised by the Committee appointed by the Council of 
the Institution during their deliberations on Engineering 
Training. 


LLovp's TECHNICAL COMMITTEE. 


The Committee has been occupied solely with the revision 
of the Society’s Rules for the Construction and Classification 
of Steel Vessels. Reviewing the revision broadly, it may be 
said that there have been reductions in the material at the 
sides of vessels and increases at the decks, which, together 
with the advantages obtained by the co-relation of scantlings 
and draught, have produced a combination which affords some 
economy in weight of material. Regulations have also been 
formulated for vessels in which the full sea-going requirements 
are not necessary, and in particular special tables have been 
framed for the construction of trawlers. Rules for the con- 
struction of oil vessels, first published in 1909, and representing 
the practice at that time, have now been withdrawn, and new 
rules are at present in preparation. 


OBITUARY. 


Members. 


WILLIAM Murray Агзтом was born at Wurmatong, on the 
Murray River, Australia, in 1844. He was the second son of 
John Alston, who, for some time, was settled in Australia, 
. but returned to Scotland in 1854. He was educated at Madras 
College, St. Andrews, and Larchfield Academy, Helensburgh, 
and served his apprenticeship as a civil engineer in Glasgow. 
He joined the engineering staff of the Clyde Trust in the 
‘sixties while still in his teens, and was continuously and 
closely associated with the development of the port. He 
superintended the construction of Mavisbank Quay, Plantation 
Quay, Queen’s Dock, Princes Dock, and Rothesay Dock. In 
1880 he was attached to the head office, and was afterwards 
associated with the late Mr. James Deas in the designs 
for new work requiring the sanction of Parliament. He had 
а wide experience of Parliamentary work, and was always a 
tower of strength to the Trustees in preparing cases for Parlia- 
mentary Committees. On the death of Mr. Deas in 1900, 
Mr. Alston was unanimously appointed his successor. 

In the course of his professional career he wrote a consider- 
able number of papers on dock construction for learned 
societies, and his wide experience was always at the service 
of many deputations from other places which, from time to 
time, visited the Port of Glasgow. In 1908 Mr. Alston had 
а serlous breakdown in health, which necessitated an enforeed 
holiday of six months, and on his return to business he took 
his work less arduously until his retirement in 1918 after 55 
years’ continuous service with the Clyde Trust. He died at 
Glasgow on 20th February, 1938. 
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Mr. Alston joined the Institution аз a Graduate in 1865, 
and beeame a Member in 1877. 


Rogert Ахас», chairman of directors of Messrs. William 
Baird & Co., passed away at his residence in Monkton, Ayr- 
shire, on 16th April, 1928. He entered the service of that 
finn at Gartsherrie and Kilsyth over 64 years ago. For some 
time he was general manager of the Blair Iron Works, in 
Ayrshire, but subsequently took over the management of thc 
Lugar and Muirkirk works. He became a partner in the firm 
about 1878, and was appointed chairman of the board of 
directors after the death of the late Mr. William Weir, in 1918. 
Although 88 years of age, he maintained an active interest in 
the affairs of the company until a few months prior to his death. 

Mr. Angus joined the Institution as a Member in 1860. 


WILLIAM Своскатт was born at Perth 74 years ago. He com- 
meneed his apprenticeship as an engineer in Perth, and 
completed his training in Glasgow, after which he served for 
а number of years at sea, including some time as chief engineer 
ia a Japanese ship, where he was engaged in carrying troops 
during the Japanese civil war. Subsequently he acted as chief 
draughtsman in the engine department of Messrs. Alexander 
Stephen & Sons, Ltd., Linthouse, Govan; but after eight 
years in this position he was appointed manager with Messrs. 
James Howden & Co., who at that time had a large business 
in refitting ships. Later he started business on his own account 
аз а consulting and superintendent engineer, and was гезроп: 
sible for the design and construction of a number of merchant 
vessels and of many light draught craft for the rivers and lakes 
of Central Africa, while he also undertook a good deal of con- 
sulting work in connection with industrial power plants. 
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Always of an inventive turn of mind, Mr. Crockatt brought out 
various patents, and latterly devoted most of his time to the 
development and manufacture of these and other similar 
devices, which were chiefly for increased efficiency in the boiler 
room. He died on 19th January, 1923, after a brief illness. 
Mr. Crockatt joined the Institution as a Member in 1881. 


JOHN MCAUSLAND DENNY, son of the late Peter Denny, 
LL.D., shipbuilder, was born at Dumbarton in November, 
1858, and received his early education at the local Academy, 
afterwards studying at Lausanne, in Switzerland, where he 
perfected his knowledge of modern languages. Coming home, 
he entered upon a special course of training for the commercial 
side of shipbuilding, and in 1875 took a place in the counting- 
house of his father’s business in order to obtain the necessary 
practical experience. Subsequently he was admitted a partner, 
and from that time onward he took an active part in the 
management of the business, his extensive travel in the interests 
of the firm making him as much at home in Paris, Berlin, 
Brussels, and Petrograd as in Glasgow or London. In 1919 
he was appointed chairman of the company in succession to 
his cousin, Mr. James Denny. 

Busy though his professional life was, Colonel Denny did not 
confine his activities to the business of his own firm. Не 
shared prominently in the work of The Shipbuilding Employers’ 
Federation and the Clyde Shipbuilders’ Association, and at the 
time of his death was chairman of the latter body. He was 
ulso a director in a large number of important commercial 
enterprises, including The Caledonian Railway Company, The 
Union Steamship Co., Ltd., and Tankers, Ltd. He took a 
close personal interest in industrial questions and in the welfare 
of workers generally, and his bright genial personality and 
winning manner made for him hosts of friends among all ranks 
and classes of men. 
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He entered Parliament in the Unionist interest in 1895 as 
member for Kilmarnock District of Burghs, in which Dum- 
barton was then included, and was again successful in the 1900 
election. He was recognised in the House of Commons as an 
authority on shipping and the shipbuilding industry, and was 
a member of the special committees dealing with War Office 
contracts, shipping subsidies, and the British Mercantile 
Marine. He joined the 1st Dumbarton Rifle Volunteers in 
1876 as a private. Two years later he received his commission, 
and after having served in all ranks he succeeded to the com- 
mand of the regiment in 1895. Up to the close of his life he 
retained actively his association with the Territorial Force, and 
аз a mark of the national appreciation of his services to the 
Voluntcer and Territorial movements, he was created a Com- 
panion of the Bath in 1917. He was a Justice of the Peace 
and a Deputy Lieutenant for the County of Dumbarton. Не 
died т a nursing home in Glasgow on 9th December, 1922. 

Colonel Denny joined the Institution as a Member in 1896. 


Tuomas J. Dopp was born at Portsmouth in April, 1847, and 
received his early education there. In 1861 he was a suc- 
cessful candidate for entrance into Portsmouth Dockyard as a 
shipwright apprentice. | While serving his apprenticeship he 
won, in addition to numerous prizes, an Admiralty scholarship 
for two years, during which he underwent a systematic course 
of training in the principles of design and the properties of 
vessels, and in the practical work of laying off and ship con- 
struction. At the expiration of his apprenticeship in May, 1868, 
Mr. Dodd was for a time employed in both the building and 
laying off of wood, composite, and iron ships, and in December 
of the same year was appointed assistant overseer at Jarrow- 
on-Tyne, on the building of the armour-clad frigates ‘‘ Swift- 
sure ’’ and '' Triumph." Following upon this he assisted in 


538 OBITUARY 


superintending the building of the turret vessel '' Cyclops ” at 
the Thames Ironworks and other war vessels building in 
Thames yards. | 

In May, 1878, he was elected a surveyor in Lloyd’s Register 
of Shipping, and was employed in the London office and at 
Leith and Sunderland respectively for different periods. While 
in the London office he assisted the late Benjamin Martell in 
the preparation of the first freeboard tables, which were accepted 
by the Government in 1890 as a basis for assigning freeboard 
to vessels in the mercantile marine. In 1874 he was appointed 
exclusive surveyor at Genoa, where he superintended the build- 
ing, under the Society’s rules, of a large number of wooden 
vessels. Mr. Dodd was appointed to the Glasgow district in 
1880. Nine years later he became principal ship surveyor for 
the district, and he remained in this capacity until his retire- 
ment in 1918. During his term on the Clyde he was more or 
less intimately connected with all the improvements which were 
developed by Clyde builders concerned with steel in place 
of iron as a building material. He died at his residence in 
West Kilbride on 21st November, 1922. 

Mr. Dodd joined the Institution as a Member in 1900. 


WILLIAM Morris GALE was born at Glasgow on 15th June, 
1868, and educated at Albany Academy and Blair Lodge. He 
served his apprenticeship in the Water Engineer's office, 
Glasgow, and after a sufficient training he was engaged on 
surveys and other preliminary works in connection with the 
duplicating of the aqueduct between Loch Katrine and Миїїп- 
gavie. Latterly he was resident engineer on several sections 
of these works, particularly the final tunnel through Loch 
Katrine Hill, and the operations for raising the level of the 
loch by five feet, authorised under the Water Works Act of 
1885. The latter work included the building of a new dam 
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or barrage across the outlet from Loch Katrine. In 1903 he 
was appointed assistant engineer, and from that date he was 
chiefly occupied with the distribution of the water in the city 
and the districts supplied by the Glasgow Corporation. This 
included the extension and improvement of the great mains and 
subsidiary piping in many important areas. As Colonel of a 
provisional battalion, he did good service during the war in 
connection with the training of recruits. He died at Glasgow 
on 17th May, 1923. 
Colonel Gale joined the Institution as a Member in 1893. 


CHARLES ALFRED HARDING was born at Portsmouth on 21st 
October, 1860, and educated at Barber’s Academy there. On 
the completion of his apprenticeship in H.M. Dockyard, Ports- 
mouth, in 1881, he entered the Royal Naval College, 
Greenwich, where he remained for a year. Не served in 
various ships until 1898, when he joined the Admiralty staff, 
and was appointed Admiralty overseer in Glasgow, in which 
position he remained until leaving with H.M.S. '' Hermes ” as 
staff engineer. Through ill-health, he retired from the service 
in 1902 with the rank of Fleet Engineer, and was subsequently 
employed in various engineering establishments on the Clyde 
until his final retirement. His death took place at Newcastle- 
on-Tyne on 17th January, 1923. 

Mr. Harding joined the Institution as a Member in 1909. 


———— 


MarruEw Hunter, director and shipyard manager of Messrs. 
Alexander Stephen & Sons, Ltd., Linthouse, Govan, died 
at а nursing home in Leeds on 7th April, 1928, in his 58th 
year. Born at Whiteinch, he was edueated locally and at one 
of the more advanced Glasgow schools. Не served his 
apprenticeship in the drawing office of Messrs. Barclay, Curle 
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& Co., Whiteinch, and by steady application moved on from 
draughtsman to estimator, chief draughtsman, and finally yard 
manager. After serving for 20 years with Messrs. Barclay, 
Curle & Co., he transferred to Messrs. Alexander Stephen & 
Sons, Ltd., as assistant to Mr. Frederick K. Stephen, and 
was subsequently appointed director and shipyard manager, in 
which position he remained for about 28 years. For a time 
Mr. Hunter took a close interest in the work of the Shipbuild- 
ing Employers’ Federation, and was known as а tactful, 
shrewd, and level-headed man. 
Mr. Hunter joined the Institution as a Member in 1901. 


EDWARD ALBERT JOHNSON died suddenly in a nursing home 
in Glasgow on 12th October, 1922. He served his apprentice- 
ship as a naval architect with Messrs. William Denny & Bros., 
Dumbarton, and subsequently worked for a period in the draw- 
ing office, during which time he also taught naval architecture 
in the Dumbarton Technical College. In 1912 he was appointed 
assistant shipyard manager to Messrs. John Brown & Co., 
Ltd., Clydebank, where he rendered good service during the 
war in connection with the rapid and efficient production of a 
large number of torpedo-boat destroyers. He left Clydebank 
in 1919 to take up the position of yard manager to the Ayrshire 
Dockyard Co., Irvine. He was only 41 years of age at the 
time of his death. 

Mr. Johnson joined the Institution as a Member in 1918. 


WILLIAM Mayer was born at Stanhope, Co. Durham, оп 8th 
March, 1851, and educated locally. He served his apprentice- 
ship with Messrs. Thomas Cook & Sons, Washington, Co. 
Durham. Subsequently he was appointed foundry manager 
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with Messrs. Chapman, Carverhill, Newcastle, but afterwards 
transferred his services to Messrs. Palmer’s Shipbuilding and 
Iron Co., Ltd., Jarrow. Twenty-eight years ago he was invited 
to go to Dumbarton as foundry manager to Messrs. Hardie & 
Gordon, Levenbank Foundry, and was later assumed a partner 
in the firm. He was a keen and able member of the Institu- 
tion of British Foundrymen, and was elected President for the 
vear 1915-16. He presented gold and silver medals to the 
Royal Technical College, Glasgow, and the Newcastle College, 
for competition in the foundry classes, in memory of the late 
Mr. John Surtees, who introduced. dry sand moulding in the 
North of England. His death took place at Dumbarton on 
1st February, 1923. 
Mr. Mayer joined the Institution as a Member in 1897. 


ALEXANDER SIMPSON was born at Coatdyke, near Coatbridge, 
on 1st October, 1832, and educated locally. He served his 
apprenticeship as a civil and mining engineer in Glasgow, and 
later assisted his brother George. Subsequently he went to 
America, and for five years was engaged with the surveyors 
on the Ohio and Pittsburg Railways. On his return to this 
country, he started business in Glasgow as a civil and mining 
engineer. Among the works for which he was enginecr-in-chief 
are the Glasgow, Bothwell, Hamilton, and Coatbridge Railway, 
afterwards acquired by the North British Railway Co.; the 
Glasgow City and District Railway, which became the North 
British underground; the Yoker and Clydebank Railway; West 
Highland Railway (Mallaig extension); the Samana and 
Santiago Railway, in the island of Santo Domingo, West 
Indies; mineral railways in Spain; the Glasgow Harbour 
Tunnel; and the Glasgow and District Subway. He was instru- 
mental in devising the method by which the Auld Brig at Ayr 
was preserved. For many years he was interested in the coal 
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trade, being managing director of Allanshaw Colliery, Hamilton, 
and he was also one of the examiners for candidates for colliery 
managers’ certificates. He passed away at Corbieston, Ayr- 
shire, on 25th May, 1922. 

Mr. Simpson joined the Institution as a Member in 1862. 


SENCHI TERANO passed away at Tokyo, Japan, on 8th 
January, 1923, in his 56th year. He was born at Nagoya, and 
educated at the Imperial University of Tokyo, where he 
graduated in 1890. He went abroad in 1897, and, returning in 
1899, was appointed Professor of the Engineering College of 
the Imperial University of Tokyo, which position he occupied 
with distinction till his death. 

Prof. Terano was chairman of the Imperial Japanese Marine 
Corporation, and it was largely due to his efforts that the Cor- 
poration could start on sound lines as a national classification 
society. He was one of the founders of the Society of Naval 
Architects of Japan, before which he read numerous papers on 
a variety of subjects, and at the time of his death he was chair- 
man of the Society. He was President of the Aeranautical 
Research Institute, and also served on many Government Com- 
mittees appointed to deal with shipbuilding, shipping, and 
other technical questions. His administrative abilities and the 
prominent part he played in guiding industrial affairs cannot be 
overvalucd, and his death is a great loss to the engineering 
profession and maritime community of Japan. 

Prof. Terano joined the Institution as a Member in 1899. 


WILLIAM Bruck THOMPSON, joint managing director of the 
Caledon Shipbuilding and Engineering Co., Ltd., was born at 
Broughty Ferry in 1837, and died at his home in Dundee on 
8th June, 1923, aged 86 years. As a lad he was ambitious to 
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embark upon a seafaring career, and made several voyages with 
his father, Captain Peter Thompson, who commanded the well- 
known barque '' Harbinger." Eventually, however, he turned 
his attention to engineering, and served his apprenticeship in 
Dundee, whence he migrated to Ross-shire. Returning to the 
Tay in 1866, he started in business on his own account. Ten 
years later he opened the Caledon Shipyard, and in 1881 com- 
menced shipbuilding on the Clyde, where for five years he had 
yards at Whiteinch. ‘The business in Dundee was carried оп 
under the firm name of W. B. Thompson & Co. until 1896, 
when the yard and the Lilybank Engine Works were taken 
over by the Caledon Shipbuilding and Engineering Co., Ltd., 
of which Mr. Thompson was a director. In recognition of his 
firm’s services during the war, he was awarded the honour 
of C.B.E. 

Mr. Thompson joined the Institution as a Member in 1878. 


JoHN THOMSON was born at Govan on 12th February, 1840, 
and served his apprenticeship in his father’s workshop. Sub- 
sequently he commenced business with his brother James as 
John & James Thomson, engineers and boilermakers, of Finnie- 
ston and Kelvinhaugh, Glasgow, specialising in marine work. 
He retired from business in 1891, and died at his home in 
Glasgow on 6th November, 1922, aged 82 years. 

Mr. Thomson joined the Institution as.a Member in 1868. 


Duncan М. WALLACE, head of the firm of D. M. Wallace 
& Co., naval architects, Glasgow and London, died at his 
residence in London on 12th January, 1928. He was a 
nautical assessor under the Merchant Shipping Aet, and of 
recent years acted as technieal expert in many legal eases in 
which shipping matters were concerned. 

Mr. Wallace joined the Institution as a Member in 1896. 
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Associates. 

Isaac JOHNSTON was born at Belfast in October, 1882, and 
received his education at the Royal Institution there. Later 
he served for a period in the office of Messrs. Edward Murphy 
& Sons, lawyers, Belfast, and in 1899 obtained an appointment 
as private secretary to Lord Dufferin. In 1905 he became 
private secretary to Lord Pirrie, which position he held until 
1912, when he was appointed assistant secretary to Messrs. 
Harland & Wolff, Ltd., Govan. In that capacity he remained 
until his death, which took place at Banff on 9th October, 1922. 

Mr. Johnston joined the Institution as an Associate in 1921. 


WILLIAM Henry ROTHWELL was born at Monk Britton, 
Yorkshire, on 2nd September, 1855, and educated at the public 
school, Barnsley. Не served his apprenticeship '' before the 
mast'' in sailing ships, and then, in 1874, joined the British 
India Steam Navigation Co. as fourth officer. He obtained 
his master's ticket in 1880, and was given the command of the 
s.s. '' Burmah ” іп 1883. He joined the Royal Naval Reserve 
as a Lieutenant in 1889, and trained on H.M.S. '' President °’ 
and at Fort Matilda. From 1898 to 1900 he was dock super- 
intendent at Bombay, after which he was engaged in the 
transport of troops, in conjunction with H.M.S. ''Thrush ”’ 
and H.M.S. '' Fort," for the expedition on the Gambia River, 
West Africa. He took an active part in the expedition, and 
later carried King Prempih and his tribe to the island of Seas- 
bells, where they were interned. For his part in this expedition 
he was awarded the Royal Decoration. He retired from the 
Royal Naval Reserve as Commander in 1907, and from the 
British India Steam Navigation Co. in 1912, but rcjoined the 
former in 1915, rctiring again in 1918 with the rank of Captain. 
He died at his residenee in Glasgow on 2nd April, 1923. 

Captain Rothwell joined the Institution as an Associate in 
1920. 
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JOHN WILLIAMSON died at Nice on 27th April, 1923, in his 
60th year. Although a native of Glasgow, he lived in Rothesay 
from an early age, and was identified during his whole life 
with the steamboat passenger services on the Clyde. He was 
not a certificated captain, but he became familiarly known as 
Captain Williamson. He was the pioneer who proved the value 
of the steam turbine on regular commercial routes. On the 
appearance of the Parsons turbine, he approached Mr. (now 
Sir) Charles Parsons and Messrs. William Denny & Bros., 
Dumbarton, with a view to the construction of a turbine 
steamer for the Clyde service. The result was that the ‘‘ King 
Edward '' was built at Dumbarton and launched in May, 1901, 
for the run between Fairlie and Campbeltown. She proved to 
be one of the fastest vessels afloat at that time. attaining a 
speed of 204 knots during her trials, and was followed soon 
after by a number of successful turbine vessels. 

Towards the end of last year Captain Williamson became 
ill, and had to leave for Egypt for health reasons. On his way 
home he contracted pneumonia, and was compelled to break 
his journey at Nice, where he was located until his death. 

Captain Williamson joined the Institution as an Associate in 
1903. 


Student. 


DAvip CHALMERS DUNCAN was born at Ilford, Essex, on 20th 
June, 1899, and was educated at the Polytechnic Technical 
School and the University, London. After serving part of his 
apprenticeship with Messrs. Barclay, Curle & Co., Ltd., 
Glasgow, he was appointed provisional flight officer in the 
R.N.A.S. in December, 1917. He was granted a temporary 
commission in February, 1918, and proceeded to Greenwich 
College, whence he was transferred to Uxbridge in May and 
to Waddington Aerodrome in June, 1918. In April, 1919, he 


was drafted to France, and a month later was sent to India, 
37 
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where, after seven months’ service, he was granted a short 
service commission. For several months he was test pilot at 
Karachi, but was subsequently stationed at Ambala, Mianwali, 
and Risalpur, N.W.F.P., where he was employed principally 
on bombing operations. On 17th August, 1922, while on a 
bombing raid against recalcitrant tribesmen, he was killed at 
Dardoni through his machine crashing. Не had carried out 
many raids during his service in the Air Force, and in the 
words of his commanding officer “ was a most gallant and 
skilful pilot who had done excellent work in India. ' 

Flight-Lieut. Duncan joined the Institution as a Student in 
1917. 
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